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INSTRUCTIONS FOR COMPLETING THE 
SOFTWARE/FIRMWARE PERFORMANCE REPORT 



I. Please type or print clearly. Use a separate Soflware/Firmware Performance 
Report (SFPR) for each problem. 

II. SECTION A 

Fill in the serial number of the 7D20 PROGRAMMABLE DIGITIZER. Press 
the ID key on the 7D20 and copy the entire line of Version information, 
beginning with TEK/7D20. 

III. SECTION B 

Use your complete company mailing address. Please include the name and 
phone number of the person reporting the error. Also, be sure to fill in the 
name of the person submitting the SFPR. 

IV. SECTION C 

Check the reason for report and whether the error is reproducible. We 
cannot properly evlauate the problem if we have difficulty in reproducing 
the error. 

V. SECTION D 

Give a complete description of the system configuration on which the 
problem occurred. Please include related peripherals, interfaces, options, 
and operating system. 

VI. SECTION E 

Describe the problem completely. Include any information which might help 
in evaluating the error with the SFPR. If you have determined a procedure to 
avoid the error condition, please include this procedure, if this problem 
prevents you from accomplishing any useful work with the product, please 
state this fact. Be sure to include with the SFPR any information (programs, 
listings, hard copies, etc.) which will help us duplicate your problem. 

Vli. SECTION F 

This section is for use by Tektronix Lab Scopes Software Maintenance 
personnel. DO NOT WRITE IN THIS SPACE. 

Vllt, Mail ail copies of the Soflware/Firmware Performance Report to: 

TEKTRONIX, INC. 

LAB SCOPES SOFTWARE MAINTENANCE 
P.O. BOX 500 DEL. STA. 39-285 
BEAVERTON, OREGON 97077 
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NOTE 

Service Personnel: Refer to the 7D20 Service Manuel for information 
on installation, Theory of Operation. Maintenance. Checks and 
Adjustment. Parts List and Diagrams. 

RELATED DOCUMENT 

The tabbed ’'ACCESSORIES” page at the rear of the Service Manual lists the 
Tektronix part numbers for ail Standard Accessories provided with this product. 
Also, Section 1, General Information, contains a brief basic-content description for 
the following publications: 
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OPERATORS SAFETY SUMMARY 

The general safety information in this part of the summary is for both operating and 
servicing personnel. Specific warnings and cautions will be found throughout the 
manual where they apply, but may not appear in this summary. 



TERMS 



IN THIS MANUAL 

CAUTION statements identify conditions or practices that could result in damage to 
the equipment or other property. 

WARNING statements identify conditions or practices that could result m personal 
injury or loss of life. 

AS MARKED ON EQUIPMENT 

CAUTION indicates a personal injury hazard not immediately accessible as one 
reads the marking, or a hazard to property including the equipment itself. 

DANGER indicates a personal injury hazard immediately accessible as one reads the 
marking 



SYMBOLS 



IN THIS MANUAL 

Static-Sensitive Devices. 

A This symbol indicates where applicable cautionary or other information is 
to be found. 



AS MARKED ON EQUIPMENT 




DANGER — High voltage. 

Protective ground (earth) terminal. 
ATTENTION — refer to manual. 



X 



REV SEP 1982 




7D20 Operators 



WARNINGS 



POWER SOURCE 

This product is intended to operate in a mainframe connected to a power source 
that will not apply more than 250 volts rms between the supply conductors or 
between either supply conductor and ground. A protective ground connection by 
way of the grounding conductor in the mainframe power cord is essential for safe 
operation. 

GROUNDING THE PRODUCT 

This product is grounded through the grounding conductor of the mainframe power 
cord. To avoid electrical shock, plug the mainframe power cord into a properly wired 
receptacle before connecting to the product input or output terminals. A protective 
ground connection by way of the grounding conductor in the mainframe power cord 
is essential for safe operation. 

DANGER ARISING FROM LOSS OF GROUND 

Upon loss of the protective-ground connection, all accessible conductive parts 
(including knobs and controls that may appear to be insulating), can render an 
electric shock. 

DO NOT OPERATE IN EXPLOSIVE ATMOSPHERES 

To avoid explosion, do not operate this product in an atmosphere of explosive gases, 

DO NOT REMOVE COVERS OR PANELS 

To avoid personal injury, do not remove the product covers or panels. Do not operate 
the product without the covers and panels properly installed. 

DO NOT OPERATE WITHOUT COVERS 

To avoid persona! injury, do not operate this product without covers or panels 
installed. Do not apply power to the plug-in unit via a piug-in extender. 
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DESCRIPTION 



The 7D20 Programmable Digitizer is designed to enhance the capabilities of 7000- 
series oscilloscope mainframes. Multiple waveform storage, crt readout, two 
cursors for point-to-point measurements, pre- and post-trigger viewing, store and 
recall of up to six front-panel settings, and signal averaging to reduce noise are just 
a few of the features this three-wide plug-in unit provides. 

Waveform storage using digital memory eliminates the need for a storage crt, and 
allows viewing information that occurred prior to a triggering event. Six waveforms 
can be stored and displayed at the same lime for easy comparison. 

The 7D20 features a complete alphanumerical display of cursor waveform 
information and measurement values, time base and amplitude settings, trigger 
position, displayed waveform number, prompts and error messages, and a master 
menu that allows you to choose seldom used features easily and quickly. 

The master menu offers a convenient way to enable special functions such as the 
STORE and RECALL of front-panel settings as well as allowing you to branch-out to 
other menus, The test menu is designed to assist in troubleshooting the 7D20 in the 
event of a failure. The SELF TEST may be implemented at any time to ensure user 
confidence, The other selections allow service personnel to diagnose faults to the 
component level. 

Complete control of the 7D20's functions may be controlled via the IEEE-488 
interface. Commands, waveforms, and alphanumeric text messages may be sent or 
received via the front-panel port. 
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GENERAL INFORMATION 



DESCRIPTION 

The 7D20 Programmable Digitizer is a three-compartment wide 7000-series plug- 
in. It provides simultaneous dual channel waveform digitizing and a variety of 
display features. Multiple digitizing modes include single shot, repetitive equivalent 
time, and roll modes. Programmability and GPIB talk-listen capability allows total or 
partial systemization and data transfer for more extensive signal processing. Display 
readout provides identification of waveforms, scale factors, prompting messages, 
and cursor measurements. Waveform storage is provided for six waveforms, which 
can be individually selected, positioned, expanded, compressed, magnified, or 
displayed in a Y versus X format. Digital storage allows multiple averaging and 
enveloping along with post and pretrigger capability. 



ORANGE COLOR USED IN THIS MANUAL 

In using the operators manual, you will notice that some function names are printed 
in orange ink. The orange color indicates a shift function which requires that the f 
{shift function} key be pressed prior to selecting the functions. 



TECHNICAL MANUALS 

Both an operators and a service manual are supplied with your 7D20 as standard 
accessories. The following information outlines the content of these manuals 



Operators Manual 

The operators manual for the 7020 contains six sections of information to explain 
the operation of your instrument. The content of the operators manual is described 
below; 

SECTION 1— GENERAL INFORMATION contains an instrument description along 
with information for installing the 7D20 into a host mainframe. We make a 
special note regarding rackmounting and another about compatibility 
considerations. This section also provides a complete list of the 7D20 electrical, 
environmental, and physical specifications and characteristics. It also lists 
standard and recommended accessories, and gives instructions for packaging 
the instrument for shipment. 

SECTION 2 — OPERATING INSTRUCTIONS provides a general overview of the 
instruments capabilities, controls and connector information, a series of get 
acquainted exercises, and detailed operating information. 
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General Information— 7D20 



SECTION 3— OPERATIONAL THEORY provides additional information about the 
operation of the 7D20 digitizer. This section discusses the more technical aspects 
of the digitizing techniques used by the 7D20. 

SECTION 4 — GPIB contains a general description of the GPIB interface, address 
selection information, description of the instrument status following power-up, 
and descriptions of the commands and messages which can be transferred over 
the GPIB. The section also provides a command language index. 

SECTION 5 — APPLICATIONS illustrates how your 7D20 can be used in a variety 
of situations. In this section we combine the 7020 with other Tektronix products 
for some unique and interesting digital storage application possibilities. 

SECTION 6— INSTRUMENT OPTIONS contains descriptions of available options. 

Service Manual 

Your service manual contains eight sections of information pertaining to the 
servicing needs of your 7D20. The following is a brief overview of this manual's 
contents. 



WA RNtNG 



The following service instructions are hr use by qualified personnel 
only. To avoid personal injury, do not perform any service other than 
that contained in operating instructions unless you are qualified to do 
so. Refer to Operators Safety Summary and Service Safety Summary 
prior to performing any service. 

SECTION 1— general INFORMATION contains an instrument description along 
with information for installing the 7020 into a host mainframe. We make a 
special note regarding rackmounting and another about compatibility 
considerations. This section also provides a complete list of the 7D20 electrical, 
environmental, and physical specifications and characteristics. It also lists 
standard and recommended accessories, and gives instructions for packaging 
the instrument for shipment. 

SECTION 2 — THEORY OF OPERATION provides a basic block diagram description 
of the 7D20 along with general and specific circuit analysis that may be useful 
for servicing the instrument. 

SECTION" 3 — MAINTENANCE describes routine and corrective maintenance 
procedures with detailed instructions for replacing assemblies, subassemblies, 
and individual parts. Included in this section are full instructions for 
troubleshooting the 7D20 using internal diagnostic routines and signature 
analysis. 

SECTION 4— CHECKS AND ADJUSTMENTS is divided into three separate parts: 
Part 1— Functional Check Procedure used to verify that the major functions of the 
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instrument perform properly. Part li — Performance Check Procedure used to 
verify that this instrument meets the applicable electrical specifications in 
Section 1. Part 111— Adjustment Procedure provides an adjustment procedure to 
ensure that this instrument is performing at peak capabilities and meets or 
exceeds the listed electrical specifications at the time of adjustment under the 
specified conditions. These three parts provide for verification of the qualitative 
integrity of the product, its performance relating to specifications in Section 1, 
and the optimization of its performance respectively 

SECTION 5— INSTRUMENT OPTIONS contains descriptions of available options 
and provides a table for locating any option information found elsewhere within 
the manual. 

SECTION 6— REPLACEABLE ELECTRICAL PARTS provides the information 
necessary to order replaceable parts and assemblies. 

SECTION 7— DIAGRAMS AND CIRCUIT BOARD ILLUSTRATIONS includes 
detailed circuit schematics, locations of assembled boards within the instrument, 
voltage and waveform information and circuit board component locators. 
Signature analysis troubleshooting charts and tables also are included within 
this section. 

SECTION 8— REPLACEABLE MECHANICAL PARTS provides information 
necessary for ordering mechanical parts and includes exploded-view drawings 
which identify individual parts and assemblies within the 7D20. 



INSTALLATION 



The 7D20 is a three-compartment wide, Tektronix 7000-series plug-in unit. To 
install the 7020 in a host mainframe, align the grooves in the top and bottom of the 
instrument with the guides at the top and bottom of the plug-in compartment of the 
mainframe. Then, push the 7D20 in until its front panel is flush with the front panel 
of the host mainframe. In four-compartment mainframes, the preferred position for 
installation is in the three right hand compartments. This leaves the left vertical 
compartment available for other 7000-series plug-in units. 

installation in any mainframe requires that the 7D20 display output be adjusted to 
compensate for the calibration tolerances of the host mainframe. The procedure for 
doing this is given in the Operating Instructions. Section 2. 

NOTE 

Switch off the mainframe power before installing or removing the 
7D20. 

To remove the 7D20 from its host mainframe, pull the release latch (see Fig. 1-1) to 
disengage it from the mainframe. Pull straight out to remove the 7D20 from the 
plug-in compartment. 
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Figure 1-1 7020 Release Latch. 

RACKMOUNT MAINFRAMES 

A special option (Option 20) is available for TEKTRONIX R7603 Oscilloscope 
(rackmoLint) mainframes that enable you to make GPIB connections at the rear of 
the mainframe, The option includes a special cable which must be installed in the 
7D20 for this purpose. This cable is also available separately and can be ordered as 
an optional accessory. 



COMPATIBILITY 

The 7020 is compatible with ail Tektronix 7000-series mainframes except the 7104. 
Because of the small area and fixed pattern of the 7020 readout, the display from 
the 7020 can cause permanent reduction in the ert microchannel plate gain, 
permanently reducing tlie writing rale of the 7104. Any ert damage caused by use 
of the 7D20 in the 7104 will not be covered under the instrument warranty. 



PACKAGING FOR SHIPMENT 

If this instrumeni is to be shippted for long distances by commercial transportation, 
we recommend that it be packaged in the original manner. The carton and 
packaging material in which your instrument was shipped should be saved and used 

for this purpose. 

Also, if this instrument is to be shipped to a Tektronix Service Center for service or 
repair, attach a tag to the instrument showing the following: Owner of the 
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instrument (with address), the name of the person at your firm who can be 
contacted, complete instrument type and serial number, and a description of the 
service required. Include any self test failure information you have available. 

If the original packaging is unfit for use or not available, package the instrument as 
follows: 

1. Obtain a corrugated cardboard shipping carton with a 200-pound test strength 
and having inside dimensions at least six inches greater than the instrument 
dimensions. This allows for cushioning. 

2. Wrap the instrument with polyethylene sheeting or equivalent material to 
protect the finish of the instrument. 

3. Cushion the instrument on all sides by tightly packing dunnage or urethane 
foam between the carton and the instrument, allowing three inches on each 
side. 

4. Seal the carton with shipping tape or with an industrial stapler. 

5. Mark the address of the Tektronix Service Center and your return address on 
the carton in one or more prominent locations. 
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SPECIFICATIONS 



The electrical characteristics listed in Table 1-1 apply when the following conditions 
are met: (1) Adjustment of the instrument must have taken place at an ambient 
temperature between +20° and +30° C, (2) the instrument and its host mainframe 
must be allowed a 20-minute warm-up period, (3) all specifications are valid at an 
ambient temperature of 0° to +45° C. unless otherwise stated, (4) the instrument 
must be in an environment that meets the limits described in Table 1-2. 

Any applicable conditions not listed above are expressly stated as part of that 
characteristic Environmental characteristics are listed in Table 1-2 and Physical 
characteristics are listed in Table 1-3- 



TABLE 11 

Electrical Characteristics 



Characteristic 


Performartce Requirement 


VERTICAL 


Deflection Factor 
(Volts/Div) 

Calibration Range 


5 mV/Oiv to 5 V/Oiv in 1,2,5 sequence. 


Gain Ratio Accuracy 


Within 2% with AQR GAIN adjusted at 
10 mV/Div. 


Uncalibrated (Variable) 


Continuously variable; VARIABLE extends 
deflection factor to at least 1 2.5 VOLTS/DIV 


Vertical Linearity 
(1 kHz square wave) 


0.1 2 Div or less expansion or compression 
of a center screen 2 Div signal positioned 
anywhere within the +4 division graticule area. 


Invert Deflection Factor 
Ratio 


1;1 within 1%. 


Common Mode Rejection 
Ratio (using ADD, INVERT) 


At least 10:1 . dc to 50 MHz. 


Bandwidth (1 to 

50 ns/div) 


Dc to 70 MHz. 


AC Coupled Low- 
Frequency Bandwidth 


10 Hz or less. 
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TABLE 1-1 (CONT) 
Electrical Characteristics 



Characteristic 


Performance Requirement 


Risetime (ETD) 


5 ns or less (6 div. signal centered on screen). 


Overdrive Recovery 


1 ms or less to recover within 1 div with 
the VOLTS/DIV set at 5 mV and an overdrive 
signal of ±1.5 V. 


Maximum Input Voltage 

DC Coupled (DC+Peak AC) 


250 V. 1 kHz or less. 


AC Coupled (DC+Peak AC) 


400 V, 1 kHz or less. 


Input R and C 
Resistance 


1 MO +1%. 


Capacitance 


Approximately 20 pF. 


Signal Isolation between 
Channels (8 Div Ref) 


100:1 up to 20 MHz. 


Noise (Full scale = 
10.24 Divisions) 


Mean value of 50 measurements taken 
at 0.02 Division increments. 


10 mV/Div to 5 V/Div 


55 dB Full Scale/RMS Noise. 


5 mV/Div 


52 dB Full Scale/RMS Noise. 


Phase Match Between 
Channels 


2 Degrees at 10 MHz. 



TRIGGER 



Sensitivity 


Triggering 

Frequency 

Range 


Minimum Vertical Signal Required 




Internal 


Ext. 


, Ext+10 


AC Coupled 


30 Hz— 30 MHz 
30 MHz— 70 MHz 


0.4 Div 
1.0 Div 


60 mV 
150 mV 




AC LF REJ 


50 kHz— 30 MHz 
30 MHz— 70 MHz 


0.4 Div 
1.0 Div ■ 


1 

60 mV 1 

1 50 mV 1 

i 




AC HF REJ 


30 Hz— 30 kHz 


0.4 Div 

1 


60 mV 

1 


0.6 V 
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TABLE 1-1 (CONT) 
Electrical Characteristics 




P-PAUTO 30 Hz— 200 Hz 2.0 Oiv 300 mV 3,0 V 

200 Hz— 30 MHz 0.6 Div 90 mV 0.9 V 

30 MHz— 70 MHz 1.2 Div 200 mV 2.0 V 

Programmed Trigger 
Levels 



Resolution | 0.05 Div | 7.8 mV | 78 mV 

±5% 

±0-25 Div 
±6.4 Div 



Position 

Normal -1500 to +10 Div (+0, -1 sample interval). 

ROLL ENV, ROLL AVE 0 to 10 Div {+0. -1 sample interval). 




Maximum Input Voltage 250 V (1 kHz or less). 



+ 8 % ± 12 % 

±50 mV ±500 mV 
±1.0V ±10V 



Gain Accuracy 
Offset 

Range (Nominal) 



(DC + Peak AC) 
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TABLE 1-1 (COIMT) 
Electrical Characteristics 



Characteristic 



Performance Requirement 





DIGITIZER 


Acquisition Window 


Nominally ±5 Div from center graticule line. 


Resolution 








Vertical 


Nominally 0.04 Div. 




Horizontal 


TIME/DIV 


Points/Waveform 


Resolution 




EXT. 20s— 500/« 


1024 


0.01 Div. 




200//S— 2//S 


B20 


0,0125 Div. 




Ips— 50 ns 


1024 


0.01 Div, 


Stored Timing Accuracy 








1 Cursor 


±0.1% of reading +0. -1 sample interval 
+300 ps. 


2 Cursors 


±0.1% of reading ±600 ps. 


Digitizer Maximum Sample 
Rate 


40 megasamples/second. 


Digitizing Modes 








Equivalent Time 


j 1 /iS/div through 50 ns/div. 




Extended Real-Time 


1 200 /is/div to 2 ^us/div. 


Real-Time 


50 ms/div to 500 //s/div. 


Roll 


20 s/div to 100 ms/div and EXTernal CLOCK. 


External Clock 








Input Frequency (Max) 


<10 kHz. 






TTL 


<5 Vpk. 
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TABLE 1-1 (CONT) 
Electrical Characteristics 



Characteristic 


Performance Requirement 


GPIB INTERFACE 


Functions Implemented 
(As Per IEEE 488-1978) 


Description; 


SHI 


Complete Source Handshake 


AHl 


Complete Acceptor Handshake. 


T5 


Talk Function Complete (no secondary addressing) 


L3 


Listen Function Complete (no secondary addressing) 


SRI 


Complete Service Request Capability. 


RL1 


Complete Remoie/Local Capability. 


PPO 


No Parallel Poll Capability. 


DCl 


Complete Device Clear Capability, 


DTI 


Complete Device Trigger Capability. 


CO 


No Controller Capability 
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TABLE 1-2 

Environmental Characteristics 



Characteristics 


Information 


Temperature (External 
Ambient Mainframe 
Temperature) 

Operating 


0 to +40°C in 7403N/7603 without fan. 

(fan kit is available) 

0 to +45°C in other 7000-series mainframes. 


Storage 


-55° C to +75° C. 


Altitude 

Operating 


15.000 feet (4.6 Km). 


Nonoperating 


To 50,000 feet (15.2 Km), 


Vibration 

Operating 


Tested to MIL-T-28800C SECT. 4 5,5, 3.1 
Type 2, Class 5, Style E & F. 


Shock 


Tested to MIL-T-28800C SECT. 4.5, 5.4.1 
Type 2. Class 5. Style £ & F, 


Bench Handling 


Tested to MIL-T.28800C SECT, 4,5.5,4 3 
Type 2, Class 5. Style E & F. 


Transportation 


National Safe Transit Association. 
Preshipment Test Procedure. 


Vibration and Bounce 
(packaged product) 


NSTA. PROJECT 1 A-B-1. 


Drop (packaged product) 


NSTA, PROJECT 1 A-B-2. 



TABLE 1-3 

Physical Characteristics 



Characteristics 


Information 


Net Weight 


Approximately 8.5 lb, 3.9 Kg. 


Dimensions 


See Figure 1 -2. 
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STANDARD ACCESSORIES 



I ea Operators Manual 

1 ea Service Manual 



For more detailed information, refer to the tabbed Accessories page at the rear of 
the 7D20 Service Manual. 



OPTIONAL ACCESSORIES {not included} 



The following accessories are available for use with the 7D20. Refer to the tabbed 
Accessories page at the rear of the 7D20 Service Manual for more detailed 
information, 



1 ea Circuit-Board Extender 

3 ea 7000-senes Plug-In Flexible Extenders 

1 ea Internal GPIB Cable for use with 

R7603 Option 20 
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OPERATION 

For operation, your 7D20 Programmable Digitizer must be properly installed in a 
Tektronix 7000-series host mainframe. Installation is explained in the General 
Information section. Waveforms acquired by your 7D20 are viewed in the 
mainframe display, along with waveform identification, scale factors, cursor 
measurements, and prompting messages. 



CONTROLS AND CONNECTORS 

All controls for operating your 7020 Programmable Digitizer are located on the front 
panel of the instrument. Figure 2-1 shows the front panel and gives brief functional 
descriptions of the controls and connectors You might find it useful to mark these 
pages for quick reference as you read the instructions in this section. 



DISPLAY 

The 7D20 uses the host mainframe to display information. The readout associated 
with the 7D20 is generated within the 7D20. not in the readout circuitry of the 
mainframe. The 7D20 display, shown in Figure 2-2. gives the VOLTS/DIV and 
TIME/DIV settings along with information about displayed waveforms, the cursor 
waveform, and the cursor measurements. Also, PROMPTS and WARNINGS are 
generated and displayed. The top two lines of the readout gives current control 
settings, prompting, and warning messages. The two lower lines of the readout give 
cursor waveform information. 



Foldout for 
7D20 Controls & Connectors 
Figure 2-1 
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INPUT CONTROLS— CH 1 and CH 2 



Input Connectors — Bnc connectors for signal connection. 

POSITION — N/erticalty positions the incoming signal during digitizing. 

VOLTS/DIV— Selects calibrated vertical sensitivity factors. Volts/Div 
readout is displayed on the crt of the host mainframe. 

VARIABLE VOLTS/DIV — Provides continuously variable uncalibrated 
settings between calibrated steps. 

AC, GND, DC— These keys select the input coupling. 

AQR GAIN — Screwdriver adjustment for adjusting input gain. 

INV (CH 2 only}— Electrically inverts the signal connected to the CH 2 
input. 

AQR MODE— These keys select the method of input to the digitizer: 

CH 1-^1— Selects CH 1 for digitizing into waveform memory 1. 

BOTH— Selects both channels for simultaneous digitizing into their 
respective waveform memories. 

ADD-^I — Causes input signals from both channels to be added 
together and digitized into waveform memory 1. 

CH 2-»“2— Selects CH 2 for digitizing into waveform memory 2. 



(J) MEMORY DISPLAY 

KEYS 1-6 — These keys select their respective waveform memories for 
display and are also used for making selections from the various 
MENU'S. 

COPY — Allows you to copy waveforms from one memory to another. 

CSW — Allows you to designate which waveform memory is the cursor 
waveform. 

CSW REF — Shift function of the CSW key allows you to view the 
REFerence waveform when using HMAG and VS. 
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CURSORS 

<>!❖ — Cursor 1 movement keys. 

<?2^ — Cursor 2 movement keys. 

AON— Shift function turns ON cursor 2. 

AOFF— Shift furwtion turns OFF cursor 2. 

ALiGN— Shift function aligns cursors on all waveforms. 

INDEP— Shift function allows the cursors on the cursor waveform to 
move independently of the other waveforms. 



CURSOR WFM {CSW) 

VXPD3 —Vertically expands the cursor waveform, 

VCMP Vertically compresses the cursor waveform. 

VPUP^^— Moves the cursor waveform up and is used as vertical 
separation when the reference waveform is present. 

VPONO— Moves the cursor waveform down and is used as vertical 
separation when the reference waveform is present. 

HMAG— Horizontally magnifies the cursor waveform by a factor of 10. 

HMAG ALL— Shift function horizontally magnifies all the waveforms 
by a factor of 10. 

VS — Allows you to display the cursor waveform versus another 
waveform. 



NOTE 

VXPD. VCMP. VPUP. VPDN keys operate on HMAG and VS display of 
the cursor waveform when the REFerence waveform is displayed 
although not in HOLD. These keys will also operate with waveforms 3 
through 6 regardless of HOLD status. See Exercise 7 (Get-Acquainted 
Exercises) for more information. 




/— Shift function key must be pressed prior to selecting any function 
printed in orange. 
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(T) TRIGGERING 

+SLOPE — Selects positive slope for triggering when illuminated. When 
not illuminated, -slope is used. 

LEVEL— Adjusts the triggering level. 

TRIG'D — Indicator illuminates when waveform being digitized is 
triggered. 

SOURCE— These keys select the source of the trigger signal. 

COUPLING — These keys select trigger coupling. 

MODE— These keys are used to select the triggering mode, including 
HOLD NEXT. 



OTRIG POSt^— Adjusts the trigger position with respect to the display 
graticule for pretrigger and post trigger operation. 




VECTOR— When illuminated connects adjacent dots with vectors. 




TIME/OIV— Selects the digitizing rates and EXT mode. Control setting 
appears in the display. 




HORIZ POSITION — Adjusts the horizontal position of the stored 
displayed waveforms. 






DISPLAY CAL— These screwdriver adjustments calibrate the 7D20 
display to match the host mainframe. 




IEEE STD 488 PORT— Allows connection to GPIB. 



SIGNAL PROCESSING 

HOLD — Stops all digitizing and HOLDs the current waveforms in 
memory. 

AVE — Causes the waveformfsj being digitized to be continuously 
averaged. 

ENV — Causes the waveform(s) being digitized to be continuously 
enveloped. 

SET N— Sets the value of N. 
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SIGNAL PROCESSING (cont) 



AVE N— Shift function causes the waveform(s) being digitized to be 
averaged N number of times then enters HOLD mode. 

ENV N— Shift function causes the waveform(s) being digitized to be 
enveloped N number of times then enters HOLD mode 

n) MENU— Causes the 7D20 menu(s) to be displayed. 

TEST— Shift function causes the 7D20 TEST menus to be displayed. 

EXT TRIG— Bnc connector for connection of external trigger signal. 



GPIB 

RQS— Causes a service request to be asserted over the GPIB. 

RQS #— Shift function permits selection of 6 unique SRQ event codes. 

ID— Produces special GPIB menu for selection of system parameters. 

SRQ— Key illuminates when service request is asserted over the GPIB. 

AODR— Key illuminates when 7020 is addressed through GPIB. 

REMOTE ONLY— When illuminated indicates that front panel is under 
GPIB control. Local operation locked out. 

EXT CLOCK— Bnc connector for EXTernal CLOCK signal input. 

Instrument serial number. 

Latching mechanism. Pull to release from mainframe. 
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GRATICULE LINE ttO 



CH 1 CH 2 

VOLTS/DIV VOLTS/DIV 



TIME/DIV 

SETTING 



DISPLAYED 

WAVEFORMS 



TRIGGER 

POSITION 






LINES 1 & 2 
DISPLAY 
CURRENT 
SETTINGS 



CURSOR 1 



CURSOR 

WAVEFORM 

INFORMATION 



B — «■ 

MHiflliViHRI 






mmm 

pSr 



miWi\\ 1 1 1 1 1 II 1 1 iliii 1 1 II 1 1 ipi 

y \ \ V VERTICAL 

/ \ \ ZERO 

VOLTS/DIV TIME/DIV \ REFERENCE 

OF CSW OF CSW \ OF CSW 



CURSOR VOLTAGE 
POSITION FROM V2R 
WITH A OFF 



CURSOR TIME 
POSITION FROM 
TRIGGER POINT 
WITH A OFF 
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GRATICULE LINE MO 



READOUT SPACE PROMPT AND 

RESERVED FOR WARNING MESSAGE 
OTHER PLUG-INS FIELD 






CURSOR 1 



CURSOR 
WAVEFORM 1. 




■KfllE 






READOUT SPACE VOLTAGE DIFFERENCE TIME DIFFERENCE 
RESERVED FOR BETWEEN CURSOR 1 BETWEEN CURSOR 1 

OTHER PLUG INS AND CURSOR 2 AND CURSOR 2 

WITH A ON WITH A ON 



CURSOR 

WAVEFORM 

INFORMATION 
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FUNCTION KEYS 

The 7D20 function keys allow you io perform a great number of different tasks. You 
will find that some of these keys perform simple on/off chores while others do 
some rather elaborate operations. Most keys Illuminate when their respective 
function is active or selected; for example, if memory 3 is being displayed, MEMORY 
DISPLAY key 3 will stay illuminated. Some keys, like the COPY key will blink when it 
is pressed. This is an indication that the 7D20 is expecting you to COPY a waveform 
and is waiting for your selection. A blinking key function always is accompanied by 
a prompt message in the display readout except for the f key. Upon completion of 
such a process the key blinking will cease. The prompt message disappears when 
another key is used. Blinking key functions can be interrupted and thereby cancelled 
by selecting any function not called for by the prompt. 

Slewing keys perform yet another kind of job. If you give a single press to one of 
these keys, for instance the 1t^ (cursor 1. right movement key), cursor 1 will move 
to the next data point to the right. If you press and hold the same key, cursor 1 will 
begin continuous and increasingly more rapid movement to the right. Of course, 
cursor 1 will slop when it reaches the limit of its travel. 

No doubt you've noticed that some keys are labeled with an orange color. This 
indicates that the function thus labeled is a shift function and requires that you first 
press the J (shift function) key before Ihat function can be selected or turned off. 

ERROR MESSAGES 

Some functions can be selected or used only when certain conditions are met. 
Attempts to do otherwise will result in a warning message being displayed in the 
readout. An example of such would be when you try to use the VPUPO (Vertical 
Position UP) key when the cursor waveform is not in HOLD. A complete list of 
WARNINGS and their causes appears in the Detailed Operaiing Instructions later in 
this section. 
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GET-ACQUAINTED EXERCISES 



The following pages contain a series of exercises that will acquaint you with the 
front panel (local) operation of your 7D20. Before you start you should carefully 
review the CONTROLS, CONNECTORS and DISPLAY tnformation given in Figures 2- 
1 and 2-2. 

In general, the 7D20 Programmable Digitizer allows you to digitize waveform 
signals through two input channels without compromising the record length and the 
sampling rate. These inputs can be digitized individually or simultaneously. The 
analog signal information is clocked through CCDs {charge coupled devices) then 
converted to digital information and stored in the appropriate memory of the 7D20. 
Waveform data is always read from the 7D20 memory for display. The 7D20 
contains six memories for waveform storage and all six can be displayed 
individually, in any combination. Further, the cursor waveform (which can be any of 
the six) can be vertically expanded or compressed, horizontally magnified, positioned 
up or down in the display, and displayed versus another waveform, The following 
exercises illustrate how these functions operate. 



PRELIMINARY SET-UP 



Before you begin the Get-Acquamted Exercises there are a few preliminary 
considerations. First, your 7D20 must be properly installed in a Tektronix 7000- 
series host mainframe as described in Section 1— General Information. When using 
the 7D20 in 4-compartment mainframes, the preferred installation position is in the 
three right compartments since this keeps the left vertical position available for 
using other 7000-series plug-ins such as the 7D1 1 Digital Delay Unit, the 7D15 
Counter/Timer, or the 7D1 3A Digital Multimeter. Vertical plug-in units can also be 
used in this configuration by connecting to the VERT SIG OUT connector on the rear 
of the host mainframe. The Applications Section 5 gives an example of using the 
7A13 Amplifier unit with the 7D20. Readout display space is reserved for use with 
other plug-ins as shown in Figure 2-2 Set the 4-compartment mainframe to select 
the right vertical channel and B lime base. Set the 3-compartment mainframe to 
select the left vertical channel. Turn on the host mainframe power switch to power- 
up the 7D20. Adjust the mainframe controls for a good viewable display. During the 
first few seconds after you turn it on. the 7D20 automatically goes through a series 
of internal self-tests. The display will flash and the front panel keys will illuminate 
during the self test period, if all is well at the conclusion of its self-test "SELFTEST 
PASS” will appear in the mainframe display as shown in Figure 2-3. If all is not well 
the 7D20 tells you where to look for the problem. Refer to the Detailed Operating 
Instructions for more information about self test. 
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Figure 2-3. Power-up SELFTEST PASS display. 

DISPLAY CALIBRATION 



Assuming that this is the first time your 7D20 has been operated in the mainframe 
in which you now have it installed, it is necessary at this point to adjust the 7D20 to 
compensate for the calibration tolerance of the host mainframe using the 
adjustments shown in Figure 2-4, These operator adjustments affect only the 7D20 
display and in no way affect its digitizing accuracy or abilities. Allow the 7D20 and 
the host mainframe to warm-up for about 20 minutes to ensure that the 
temperature has stabilized before performing the following procedure. 




Homz GAIN HORIZ CTR 



DiSPlAY CAL 



Figure 2-4. DISPLAY CAL adjustments. 



2-10 







operating Instructions— 7D20 



DISPLAY ADJUSTMENT PROCEDURE 

Step 1 Press MENU, then press MEMORY DISPLAY key 3 to select the DISPLAY 
CAL PATTERN from the MASTER MENU (Fig. 2-5). Once the DISPLAY CAL 
PATTERN is selected the display will appear similar to that shown in 
Figure 2-6. You may (ind it necessary to adjust the TRACE ROTATION 
control on the host mainframe to make the vertical and horizontal lines of 
the DISPLAY CAL PATTERN parallel with those of the display graticule. 
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Figure 2-5. 7D20 MASTER MENU. 




Figure 2-6. 7D20 DISPLAY CAL PATTERN. 
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Step 2 Adjust the HORIZ CTR {horizontal center) control to bring the left edge of 
the DISPLAY CAL PATTERN in alignment with graticule line 1 of the 
display as shown in Figure 2-7 (left-most graticule line is 0). 




Figure 2-7. Adjust HORIZ CTR. 



Step 3 Adjust the HORIZ GAIN (horizontal gain) control to bring the right edge of 
the DISPLAY CAL PATTERN into alignment with vertical graticule line 9 of 
the display as shown in Figure 2-8. These adjustments are interactive and 
you may need to work back and forth between them to optimize pattern 
and graticule alignment. 




Figure 2-8. Adjust HORIZ GAIN. 
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Step 4 Adjust the VERT CTR (vertical center) and VERT GAIN (vertical gain) 
controls to align the upper and lower horizontal edges with horizontal 
lines 1 and 7 of the display graticule as shown in Figure 2-9 (bottom 
graticule line is 0). As with the HORIZ CTR and HORIZ GAIN controls, 
these vertical adjustments are interactive and may require that you work 
back and forth between them to optimize this adjustment. 




Figure 2-9. Adjust VERT CTR and VERT GAIN. 



Step 6 Adjust the VECT LIN (Vector Linearity) control to close the crossing pattern 
in the DISPLAY CAL test pattern as shown in Figure 2-10. This will 
optimize the vector display by compensating for the delay line length of 
the host mainframe. 




Figure 2-10. Adjust VECT LIN 
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Step 6 When you are satisfied the display is properly aligned with the graticule 
and the vector display is adequately compensated as shown in Figure 2- 
1 1 , press MEMORY DISPLAY key 6 to return the MASTER MENU to the 
display. Press the MENU key to extinguish the MENU display and proceed 
with the following instructions. 




Figure 2-11. Correctly adjusted OISPtAY CAL PATTERN. 



INITIALIZE 



When the 7D20 is powered up, it will then re-establish the control settings it 
remembers from when it was last turned off. Ignore these settings and use the 
INITIALIZE routine included in the 7020 MENU especially for these "Get- 
Acquainted Exercises '. A full list of the INITIALIZE settings is given in the Detailed 
Operating portion of this section. To INITIALIZE, proceed with the following: 



Press 

MENU 



Remarks 

The key illuminates and the 
MASTER MENU appears in 
the display. 



Display 



H 
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Press 

4 



Remarks 

Selects the UTILITIES menu 
which appears in the 
display. 



Display 
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SaiSligBs lI 



5 



MENU 



Selects the INIT FRONT 
PANEL routine from the 
UTILITIES menu and 
initializes the 7D20. On 
power up. the 7D20 
remembers its control 
settings from when it was 
last turned off- Initialize sets 
the 7D20 to a known slate 
for the purpose of our "Get- 
Acquainted Exercises." 




raii.uij.i.u. if n 



Turns off the displayed 
UTILITIES menu.TheMENU 
key will extinguish. 



NOTE 

See "Menu Functions” in the Detailed Operating Instructions hr a 
comprehensive list of the INIT FRONT PANEL predetermined control 
settings. 
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OBTAINING A WAVEFORM DISPLAY 

After initialization your 7D20 is set to acquire signals at the channel 1 input 
connector and to display the contents of memory 1. Initialization also selects the 
waveform in memory 1 as the cursor waveform, which simply means the waveform 
that has the cursors on it. In the 7D20, the cursor waveform is always displayed. 

A sine wave will be used for most of the Get- Acquainted Exercises so adjust your 
sine-wave generator to output a l-kHz. 4-volt signal and connect this signal to the 
CH 1 input connector of the 7D20. The signal should be visible in the display as 
soon as you have it connected. Use the CH 1 POSITION control to vertically center 
the displayed sine wave about the center graticule line and make sure the CAL 
(variable volts/div) control is in its calibrated detent position. The HORIZ POSITION 
control also has a calibrated detent position which horizontally centers the 
waveform. Make sure this control is also in its detent position. If necessary, adjust 
the signal generator output amplitude for 4 divisions of signal display. After proper 
adjustment the display should appear as shown in Figure 2-12. 




Figure 2-12. Sine-wave dispiav- 
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EXERCISES 



The exercises on the following pages will acquaint you with the basic, front panel 
(local) operation of your 7D20 Programmable Digitizer. Each exercise begins with 
the sine-wave signal displayed exactly as at the end of the preliminary set-up 
instructions which you have just completed. You can go from this initialized point to 
the beginning of any of the following Get-Acquainted Exercises. 



INDEX 



1. USING THE VERTICAL CONTROLS 2-17 

2. USING THE AQR (ACQUIRE) MODE 2-22 

3. USING THE WAVEFORM MEMORY 2-24 

4. CHANGING THE DESIGNATED CURSOR WAVEFORM 2-28 

5. HOLDING A WAVEFORM IN MEMORY 2-31 

6. USING THE CURSORS 2-32 

7. USING THE CURSOR WAVEFORM DISPLAY MODIFIER KEYS 2-42 

8. USING THE AVERAGE AND ENVELOPE FUNCTIONS AND SET N 2-67 

9. DIGITIZING MODES AND THE TIME/DIV CONTROL 2-72 

10. SETTING THE TRIGGER POSITION 2-74 

11. USING THE HOLD NEXT 2-77 

12. USING THE EXTERNAL CLOCK 2-79 



EXERCISE 1 

USING THE VERTICAL CONTROLS 



So that you may start at any of the 12 Get-Acquainted Exercises, the Initialization 
feature has been used as necessary to set front-panel control settings to a known 
state by a single selection of INIT FRONT PANEL from the UTILITIES menu (refer to 
the list of predetermined settings in the Detailed Operating Instructions under Menu 
Functions). Under normal applications it is not necessary to use the Initialization 
feature, but it may be helpful. 

This exercise demonstrates the controls associated with the 7D20 vertical input 
functions shown in Figure 2-13. Since channel 1 and channel 2 vertical controls 
function identically (except for the channel 2 INV function), only the controls for 
channel 1 will be discussed. Before you begin, make sure the 7D20 is 
"INITIALIZED” and the 1 kHz sine wave is connected to the CH 1 input connector as 
described in the PRELIMINARY SET-UP INSTRUCTIONS, then proceed with the 
following exercises. 



REV SEPT 82 
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Figure 2-13. Vertical controls. 
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SETTING THE INPUT COUPLING 

The 7D20 allows three choices for setting the input coupling 

Press Remarks 

AC DC These keys select the input coupling for CH 1 . Initialization sets the 

GND 7D20 for AC coupling so the AC key is illuminated when you begin. 

Alternately press these keys and notice that the pressed key 
illuminates and the previously illuminated key extinguishes These 
keys are mutually exclusive so only one can be selected at a time 
Notice too as you alternately press these keys, the effect that each 
has on the displayed waveform. The next exercise shows how to use 
GND input coupling to set the VZR (vertical zero reference). 



HOW TO SET THE VZR {Vertical Zero Reference) 

The 7D20 uses cursors to make measurements on the waveforms Cursor 1 is 
always on but cursor 2 can be turned off or on as needed. In order for the cursors to 
be accurate they must be referenced to ground or zero volts. This is called the 
vertical (zero) reference level. VZR. The VZR readout indicates where the zero level 
is in divisions from center screen. 

Upon initialization, the VZR is established to be the center of the 7D20 display, You 
can change this approximately 5 divisions (plus or minus) from the center position 



as shown below, 

Press Remarks 

GND 

This references the input 
signal to ground and causes 
a horizontal line to be 
displayed across the display. 
Adjust the CH 1 POSITION 
control and notice that the 
displayed line can be 
positioned up or down in the 
display area. Also notice 
that the VZR readout 
changes as the line is 
repositioned- Although the 
VZR range is *+5 divisions, 
the POSITION control can 
provide i9 divisions of 
signal offset when in AC or 
DC. Position the line one full 
division above the center 
line and observe that the 
VZR readout reads 1 
division. 



Display 




3857 34 
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Press 

AC 



Remarks 

Again selects AC input 
coupling and causes the 
incoming sine wave to be 
digitized and displayed. 
Now. however, the display- 
ed sine wave is centered 
one full graticule tine above 
the center of the display 
graticule as shown. This is 
the new VZR level as 
indicated in the VZR 
readout. Notice that turning 
the CH 1 POSITION control 
no longer changes the VZR 
level. 



Display 
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GND When you press GND this 

time you'll notice the VZR 
readout changes again. Be- 
cause you moved the CH 1 
POSITION control in the 
preceding step, you also 
changed the zero reference. 

AC This establishes the VZR at 

the last position of theCH 1 
POSITION control. Anytime 
you want to change it. use 
the POSITION control to 
position the incoming 
waveform, press GND, then 
press AC (or DC) again. 
Return the VZR level to the 
center graticule line. 




3857 169 



To set the VZR reference at any time simply press GND, then return to either AC or 
DC. The POSITION control should not be changed without repeating this process. 

NOTE 

The VZR value is only used by the single vertical cursor readout and to 
establish a reference for data transferred over the GPIB. 
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CHANGING THE VERTICAL SENSITIVITY (VOLTS/DIV) 

Initialization sets the vertical sensitivity to 1 volt/div as indicated in the display 
readout. The VOLTS/DIV control allows you to select the vertical sensitivity of the 
7D20 in volts per division. Slowly rotate the VOLTS/DIV control and observe the 
effect this has on the displayed waveform. Notice too that each change is indicated 
in the top line of the display readout. As the VOLTS/DIV control is rotated in the 
counterclockwise direction the Vertical sensitivity can be decreased to a minimum 
of 5 V/div. Rotation of the control in a clockwise direction increases the vertical 
sensitivity, in a 1, 2, 5 sequence to a maximum of 5 mV/div. Rotating the 
VOLTS/DIV control beyond either the minimum or maximum setting will have no 
further effect on the vertical sensitivity or the displayed sensitivity setting. Return 
the vertical sensitivity to t volt/division. 

USING THE VARIABLE VOLTS/DIV CONTROL 

This control allows you to decrease the vertical sensitivity from its current setting. 
Rotate the knob counterclockwise (out of Its calibrated detent position) and notice 
that a > sign appears in the display readout next to the VOLTS/DIV setting as 
shown in Figure 2-14. This indicates that the vertical attenuation is now 
uncalibrated and is greater than the displayed VOLTS/DIV setting. Observe that the 
vertical sensitivity continues to decrease as you rotate the VARIABLE VOLTS/DIV 
control and notice the effect this has on the displayed waveform, Return the control 
(by rotating clockwise) to its detent position and note that the > symbol disappears 
from the display. 




Figure 2-14. VARIABLE VOLTS/DIV readout. 
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EXERCISE 2 

USING THE AQR (ACQUIRE) MODE 

So that you may start at any of the 12 Get-Acquainted Exercises, the Initialization 
feature has been used as necessary to set front-panei control settings to a known 
state by a single selection of INIT FRONT PANEL from the UTILITIES menu (refer to 
the list of predetermined settings in the Detailed Operating Instructions under Menu 
Functions). Under normal applications it is not necessary to use the Initialization 
feature, but it may be helpful. 

These four keys (see Fig. 2-15) control the way your 7D20 acquires signals for 
digitizing. These are mutually exclusive functions so only one can be selected at any 
one time. Upon initialization, the 7D20 is set to acquire signals present at the CH 1 
input connector as indicated by the illumination of the CH 1 AQR MODE key. 
Connect the 1 kHz 4 V P-P sine wave to channel 1 and connect the trigger output 
(square wave) from your signal generator, if so equipped, to channel 2. If a trigger 
signal is not available, choose some other time related signal. Initialize the 7D20 
using the UTILITIES menu. Select 2 volts/div on Channels 1 and 2. 







w -■*'1 



Figure 2-15. AQR MODE keys. 
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Press Remarks 

CH 1-*-l Selects channel 1 for 
digitizing and stores the 
digitized waveform in 
waveform memory 1. 
Position the sine wave into 
the top half of the display 
using the CH 1 POSITION 
control. 



BOTH Selects both channels {CH 1 

and CH 2) for digitizing and 
stores the digitized 
waveforms in waveform 
memories 1 and 2 respect- 
ively, Position the square 
wave to the lower half of the 
display using the CH 2 
POSITION control. 



ADD Selects the ADD AQR 

MODE illuminating the 
ADD key and causes both 
inputs (channels 1 and 2) to 
be added together and the 
result stored in waveform 
memory 1, Notice the result 
of adding the square wave 
with the sine wave. 



CH 2-^2 Selects only the channel 2 
input for digitizing. The key 
illuminates upon selection 
and the waveform present 
at the CH 2 input connector 
is digitized into waveform 
memory 2. Notice that the 
trigger source of the time 
base has been automatical- 
ly changed to channel 2. 
This will occur any time 
MODE has been selected as 
the trigger source. 



Display 
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EXERCISE 3 

USING THE WAVEFORM MEMORY 

So that you may start at any of the 12 Get-Acquainted Exercises, the Initialization 
feature has been used as necessary to set front-panel control settings to a known 
state by a single selection of INIT FRONT PANEL from the UTILITIES menu (refer to 
the list of predetermined settings in the Detailed Operating Instructions under Menu 
Functions). Under normal applications it is not necessary to use the Initialization 
feature, but it may be helpful. 

Your 7D20 contains six memory registers devoted to the storage of waveform data. 
MEMORY DISPLAY keys are shown in Figure 2-16. Waveforms are digitized into 
memories 1 and 2 and can be copied from these memories to any of the others. The 
memories can be displayed or not as you wish, except that one of the six 
memories must be designated the cursor waveform memory and is always 




Figure 2-17. Sine-wave display. 
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displayed. Initialization sets the 7020 to digitize signal information into waveform 
memory 1 and also establishes waveform memory 1 as the cursor waveform. The 
sine-wave signal is currently visible in the display (see Fig 2-17) and MEMORY 
DISPLAY key 1 illuminated. Because of initialization, waveform memory 1 is the 
only memory that contains waveform data at this time. The other memories (2 
through 6) have no stored data and, if selected for display, will show a center 
horizontal line. 

COPYING AND DISPLAYING A WAVEFORM 

Waveforms can be copied from one memory to any other so long as you are not 
digitizing into the receiving memory. After initializing, because data is acquiring 
waveform memory 1, you cannot copy into waveform memory 1 at this time (the 
HOLD function terminates the digitizing process). For now, however, the sine-wave 
signal being digitized into channel 1 can be copied from waveform memory 1 into 
any of the other memories. When a waveform is copied, all the acquire and display 
conditions are copied too, the memory being copied into is overwritten and cleared 
of any previous data. The following shows how to copy a waveform into another 
memory and then display the copied waveform. Initialize the 7D20 then: 

Press Remarks 

COPY The COPY key will begin to 

blink and a prompt appears 
in the display. The left most 
tt sign in the prompt also 
will blink. A blinking key or 
prompt indicates that a 
command requiring addi- 
tional keypushes is in 
process. The 7D20 is 
currently waiting for you to 
enter the number of the 
waveform memory you 
wish to copy. 

1 Tells the 7020 that you are 

going to copy the contents 
of memory 1 into another 
memory. The left # sign in 
the prompt will change to 
the number 1 andtheright# 
will begin to blink. This 
indicates that you should 
now enter the number of 
the memory into which you 
want to copy waveform 
memory 1 . 




Display 
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Press 

3 



3 



Remarks 

Tells the 7D20 to copy 
waveform memory 1 into 
waveform memory 3 and 
completes the copy process. 
{You could have copied the 
waveform into any of the 
other five memories of the 
7D20.) At this point memory 
3 contains a copy of the 
sine-wave signal being 
acquired into channel 1. 
The prompt now reads as 
shown and the COPY key 
light goes out. However, the 
content of waveform 
memory 3 is not yet 
displayed. 

The 3 key illuminates, the 
copy prompt disappears, 
and the display changes to 
indicate that waveform 3 is 
being displayed. This will be 
difficult to see, however, 
because the waveform in 
memory 3 was copied in the 
same position as the 
original waveform in 
memory 1. Consequently, 
the two waveforms now 
overlap m the display. 
Separate the displayed 
waveforms by turning the 
CH 1 POSITION control to 
vertically reposition the 
signal being digitized into 
waveform memory 1. 

You can display the 
contents of any of the six 
waveform memories just by 
pressing the appropriate 
MEMORY DISPLAY keys. 
Likewise, you can remove 
any waveform (except the 
cursor waveform) from the 
display by pressing the 
appropriate MEMORY 
DISPLAY key a second time. 
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A NOTE ABOUT THE DSW (Displayed Waveforms) ORDER 

The DSW readout order is determined by the vertical position of the first data points 
of the displayed waveforms. Notice as you vertically reposition waveform 1 so its 
first data point is above the first data point of waveform 3. the DSW readout lists 
waveform 1 first. If you vertically position the first data point of waveform 1 below 
the first data point on waveform 3. the DSW readout changes to list waveform 3 
first. 
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EXERCISE 4 

CHANGING THE DESIGNATED 
CURSOR WAVEFORM 

So that you may start at any of the 12 Get-Acquainted Exercises, the Initialization 
feature has been used as necessary to set front-panel control settings to a known 
state by a single selection of INIT FRONT PANEL from the UTILITIES menu (refer to 
the list of predetermined settings in the Detailed Operating Instructions under Menu 
Functions). Under normal applications it is not necessary to use the initialization 
feature, but it may be helpful. 

The CSW (Cursor Waveform) key shown in Figure 2-18 allows you to choose any of 
the six waveform memories as the cursor waveform. In the 7D20 the cursor 
waveform is always displayed. It cannot be turned off. The CSW (cursor waveform) 
readout in the tower left corner of the display tells which memory is currently 
designated as the cursor waveform (see Fig. 2-19). The two bottom lines of the 




Figure 2-18. CSW REF key. 




Figure 2-19. Cursor Waveform readout. 
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readout pertain only to the CSW. Initialization designates that memory 1 be the 
cursor waveform. Any waveform memory can be selected as the cursor waveform. 
The following illustrates how: 



Press Remarks 

CSW The CSW key will begin to 

blink and the prompt: CSW 
# appears in the display 
readout. The tt in prompt 
also blinks to indicate that 
the 7D20 is waiting for the 
number of the new cursor 
waveform. 



Display 




3857-36 



4 



The tt in the prompt changes 
to a 4 and a horizontal line 
appears across the center of 
the display. The 4 key also 
illuminates and the CSW 
readout now indicates that 
waveform 4 is the cursor 
waveform. 
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1 Waveform 1 can now be 

turned off since it is no 
longer the cursor wave- 
form, The key extinguishes 
and the DSW readout 
changes to indicate that 
only waveform 4 is being 
displayed. 




38b7 38 
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Press 

CSW 1 



Remarks 



Display 



Reselects waveform 1 as 
the cursor waveform, 
returns waveform memory 
1 to the display and 
illuminates the key. 
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4 



Turns off waveform 
memory 4. 
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EXERCISE 5 

HOLDING A WAVEFORM IN MEMORY 



Any waveform being digit i 2 ed. such as the sine-wave signal currently being digitized 
and displayed, can be locked or held in the 7D20 memory by pressing the HOLD key 
shown in Figure 2-20. When you press the HOLD key, signal digitizing is instantly 
terminated. Waveform data contained in waveform memories 1 and 2 at that instant 
is retained unchanged in memory, complete with the associated acquire and display 
conditions. This is a manual or arbitrarily initiated function. For a triggered HOLD 
refer to EXERCISE 11 for HOLD NEXT. 

The HOLD condition is visually indicated in two ways; the HOLD key illuminates and 
the displayed waveform appears to freeze (waveform motion is no longer visible) in 
the display. The HOLD key performs an on/o(f function, so pressing the key a 
second time will turn the HOLD function off and extinguish the key illumination. The 
7D20 will then resume digitizing new waveform data into memory. 




Figure 2-20. The HOLD key. 
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EXERCISE 6 
USING THE CURSORS 



So that you may start at any of the 12 Get-Acquainted Exercises, the Initialization 
feature has been used as necessary to set front-panel control settings to a known 
state by a single selection of INIT FRONT PANEL from the UTILITIES menu (refer to 
the list of predetermined settings in the Detailed Operating Instructions under Menu 
Functions) Under normal applications it is not necessary to use the Initialization 
feature, but it may be helpful. 

Two cursors are available for use with each waveform memory when the memory is 
selected as the cursor waveform. The cursors appear as intensified dots on the 
cursor waveform. Cursor 1 is always turned on but cursor 2 can be turned on or off 
as you choose. Initialization turns cursor 2 off and sets cursor 1 to the left most data 
point on the cursor waveform. The intensified dot at the beginning of the cursor 
waveform is cursor 1 (see Fig. 2-21). Using the cursor movement keys shown in 
Figure 2-22, cursor 1 can be positioned to any data point on the cursor waveform. 
Use of the cursors is illustrated in the following procedures 



CURSOR 1 

The following shows how to move cursor 1 on the cursor waveform. 



Press Remarks 

1c> A single press of this 

slewing key causes cursor 1 
to move to the next adjacent 
data point. Notice that when 
you press and hold the 
movement key, the cursor 
moves continuously across 
the full length of the cursor 
waveform. Cursor 1 stops 
when it reaches the last 
waveform data point. Also 
notice that as cursor 1 is 
moved, the cursor wave- 
form readout changes to 
give both the vertical 
position and the horizontal 
time value of the waveform 
data point where cursor 1 is 
located. (The horizontal 
time value is referenced to 
the trigger position and the 
cursor 1 vertical position is 
referenced to Vertical Zero 
Reference 1 



Display 




3857 42 
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Press Remarks Display 

<31 Moves cursor 1 backtoward 

the beginning of the cursor 
waveform. Return cursor 1 
to the first data point. 




Figure 2-21. Cursor 1. 
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Figure 2-22. Cursor keys. 
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CURSOR 2 AND THE / (function shift) KEY 

The following shows how lo turn on cursor 2 using the f (function shift) key (see 
Fig. 2-23) and also illustrates how cursor 2 is moved about on the waveform. 




CURSORS 
AON ' - A OFF 

INDEP • " ' AUGN- 

O oaoH 
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Figure 2-23. The shift function key. 



Press Remarks 

1<) Move cursor 1 to the right 

about two divisions as 
shown. 



/ The / (function shift) key 

begins to blink. This allows 
you to now select any of the 
shift functions. 



Display 
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AON This turns on cursor 2 

(which appears as an 
intensified dot), extinguish- 
es the AOFF key and f 
key, and illuminates AON 
key Note that when cursor 
2 is turned on the cursor 
readout changed; it now 
gives the voltage and time 
difference of cursor 2 with 
respect to cursor 1. 
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Remarks 

These two keys move cursor 
2 the same way the Ol and 
10 keys move cursor 1. 
However, cursor 2. when 
moving toward the begin- 
ning of the cursor 
waveform, cannot be moved 
past cursor 1. Cursor 2 
comes to a stop when it 
reaches cursor 1. Position 
cursor 2 about twodivisions 
to the right of cursor 1 . 



Display 
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When cursor 1 reaches the 
same data point as cursor 2 
it pushes cursor 2 toward 
the end of the waveform. 
Cursor 1 cannot be 
positioned to the right of 
cursor 2, 







Notice as cursor 1 moves 
away, cursor 2 remains 
where it was previously 
positioned. Return cursor 1 
to the first data point. 




3857 07 



Again permits the selection 
of a shift function. The key 
will begin to blink. 



Turns off cursor 2 
illuminates the AOFF key. 
The AO N key and the J key 
are extinguished. 
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USING THE CURSORS INDEPendently OR ALlGNed 

The cursors associated with each of the six waveform memories can be operated in 
one of two ways, INDEPendently or ALlGNed. If INDEPendent is used you can 
move the cursors on the cursor waveform without affecting the positions of the 
undisplayed cursors on the other waveforms. This can be useful when examining 
different portions of two different waveforms. When you want to examine vertical 
values at the same horizontal position on different stored waveforms, using ALIGN 
forces the cursor positions on all the waveforms to align themselves with the cursor 
positions on the cursor waveform. Initialize the 7D20 and continue as instructed 
below. 



Remarks 

Allows the selection of a 
shift function. The key 
begins to blink, 

,'\ON Turns on cursor 2. The key 

illuminates wfien pressed, 
the f key slops blinking, 
and the AOFF key extin- 
guishes. Notice that the 
cursor readout at the 
bottom of the display has 
changed to now show the 
difference in voltage and 
time between cursor 1 and 
cursor 2. 



Display 




3057-49 



Press 

./■ 



IlO 



Position cursor 1 to vertical 
graticule line 1. 



mahiMMMidiiiiu 



!■■■! 
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Press 

02 



COPY 



Remarks 

Position cursor 2 to vertical 
graticule line 3. 



Display 




3R57-61 



The COPY key begins to 
blink and the COPY prompt 
appears in the display 



bhhhhbhhhh 

mmummmMm 
m 

m 
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Tells the 7D20 that you 
want to COPY waveform 
memory 1 . Your selection is 
noted in the first H position 
of the COPY prompt- 



enBSHnsn 




k«K!l 
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Press Remarks 

3 Tells the 7D20 that you 

wish to COPY waveform 
memory 1 into waveform 
memory 3. The COPY 
prompt reflects your 
selection. The COPY prompt 
will disappear when 
another key is pressed. 



3 Causes waveform memory 

3 to be displayed, illumin- 
ates the 3 key. and removes 
the COPY prompt from the 
display. The DSW readout 
indicates that both 
waveforms 1 and 3 are 
being displayed. The 
displayed waveforms 
overlap at this time so 
adjust the CH 1 POSITION 
control to vertically position 
waveform 1, up one full 
division above its current 
position. This will allow you 
to view both waveforms. 
Notice that the cursors 
move up with waveform 1 
because it is the the cursor 
waveform. Also, note the 
position of the cursors in 
preparation for the next 
step, 



Display 
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Press 

csw 



3 



1=0 20 
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Remarks 

The CSW key begins to blink 
and the CSW prompt 
appears in the display. The 
7D20 is waiting (or you to 
select the number of the 
cursor waveform. 



Display 




3857 67 



This designates waveform 
memory 3 as the cursor 
waveform. Notice that the 
cursors are now on 
waveform 3 in the same 
horizontal location they 
previously occupied on 
waveform 1. In other words, 
the cursors are still 
ALIGNed witfi their 
previous horizontal posi- 
tion. 




3857, 68 



Position both cursors about 
one division to the right of 
their present position. 




3B57 69 
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Press Remarks 

CSW 1 Re-select waveform mem- 

ory 1 as the cursor 
waveform and notice that 
the cursors are now on 
waveform 1 but are 
ALIGNed with the position 
you moved them to when 
waveform 3 was the cursor 
waveform. 



Display 




3857-70 



./ INDEP 



<?2 



Select the INDEPendent 
cursor mode. The ALIGN 
key extinguishes and the 
INDEP key illuminates. As 
you will see, movement of 
the cursors on the cursor 
waveform (waveform l)will 
have no effect on the 
position of the cursors (non 
displayed) on waveform 3. 



Position both cursors 
toward the beginning of 
waveform. 



3857 7t 




CSW 3 Re-select waveform mem- 

ory 3 as the cursor 
waveform. Notice that the 
cursors return to their 
previous position on 
waveform 3 and are no 
longer ALIGNed with the 
cursors on waveform 1. 
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Press Remarks 

/"ALIGN Notice the cursor positions 

CSW 1 have changed again. The 

ALIGN command forces 
immediate movement of the 
cursors without the need to 
use the cursor movement 
keys. The ALIGN mode 
allows you to measure 
vertical values on wave- 
forms in exactly the same 
horizontal location. The 
INDEPendent mode allows 
you to measure different 
parts of the same waveform 
at the sametime(see Fig. 2- 
24). Additional uses of the 
ALIGN and INDEPendent 
modes are illustrated in 
conjunction with the HMAG 
(Horizontal MAGnification) 
later in these exercises. 
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Display 




Cursor 1 Cursor 2 




Waveform 1 (CSW 1) 



Cursor 2 



Cursor 1 

Waveform 1 copied into memory 3 (DSW 3) showing 
cursor positions moved INDEPendent of Waveform 1 . 

3857-74 



Figure 2-24. Using the cursors to measure different parts of the same waveform. 
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EXERCISE 7 

USING THE CURSOR WAVEFORM 
DISPLAY MODIFIER KEYS 



So that you may start at any of the 12 Get-Acquainted Exercises, the Initialization 
feature has been used as necessary to set front-panel control settings to a known 
state by a single selection of INIT FRONT PANEL from the UTILITIES menu (refer to 
the list of predetermined settings in the Detailed Operating Instructions under Menu 
Functions}. Under normal applications it is not necessary to use the Initialization 
feature, but it may be helpful. 

The CURSOR WFM keys (shown in Fig. 2-25) permit you to manipulate the cursor 
waveform in a variety of ways. Generally, the VPUPt>, VPDNO, VXPDS- arid 
VCMPo keys perform the same functions on the stored waveform displays that the 
CH 1 and CH 2 vertical POSITION and VOLTS/DIV controls perform on signals being 
actively acquired. These keys are operational on the cursor waveform only. When 
CH 1 and CH 2 are selected as the cursor waveform. CH 1 or CH 2 must be placed in 
HOLD, or REF must be on. Waveforms 3 through 6 are always in a hold condition, 
HMAG and VS functions are operational on either the waveform(s) being acquired or 
on waveforms in HOLD. 




CURSOR WFM 
icswj 



VXPO 



VCMP' 



1 HMAG All 



VPUP ^ 



VPON 

a 

vs 



Figure 2-25. Cursor Waveform keys. 
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HOW TO VERTICALLY REPOSITION THE CURSOR WAVEFORM 

The VPUP‘i> (vertical position up) and the VPDNO (vertical position down) keys 
permit you to vertically move the cursor waveform up or down in the display. The 
following exercise shows you how. 



Press Remarks 

HOLD Terminates the digitizing 

process and holds the 
current digitized waveform 
in waveform memory 1 . 
This is necessary because 
CURSOR WFM keys 
VPUP-O, and VPDN'O. have 
no effect on a cursor 
waveform that is being 
actively digitized. They work 
as vertical separation 
controls with the REFer- 
ence waveform present. 
Except under the conditions 
shown in Figure 2-26. a 
cursor waveform that is 
being actively digitized is 
verticaliy repositioned 
using the respective CH 1 or 
CH 2 POSITION control. 

VPUPO (VERTICAL POSITION UP). 

A single press of this key 
moves the cursor wave- 
form up incrementally. The 
key illuminates and the VZR 
(Vertical Zero reference) 
readout indicates the new 
GND position of the 
waveform in divisions with 
respect to the center 
horizontal graticule line. 
Continuous movement of 
the cursor waveform results 
when you press and hold 
this key. Maximum vertical 
positioning is approximately 
5 divisions (plus or minus) 
from the zero reference. 



Display 
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CURSOR WFM 


WHEN HOLD IS ON; 


(CSW 


ALL KEYS 




. 


FUNCTION 




VXPD^ 


VPUP i' 




Q 


o 




VCMP'-‘ 


VPEJN -C- 
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CSW HEf 


HMAG ALL 


vs 
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WHEN HOLD IS OFF 


CURSOR WFM 


REF OFF: 


(CSW) 
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' KEYS NOT ACTIVE 




VCMP' 


VPON • ' 
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CSW KEE 
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JJ_ 


yj > KEYS ACTIVE 




CURSOR WFM 


WHEN HOLD IS OFF 


ICSWJ 


HMAG AND. REF ON: 


VXPO }i' 


VPUP all keys ACTIVE 
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CURSOR WFM 


WHEN HOLD IS OFF 




VS AND REF ON; 




ALL KEYS ACTIVE 
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CSW HE! 
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Figure 2-26. Conditions under which the CURSOR WFM keys are active for waveforms 1 or 2. 
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Press 

VPDNO 



VPDNO 



HOLD 
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Remarks 

(VERTICAL POSITION 
DOWN). Press and hold this 
key to return the cursor 
waveform to its original 
position. Movement of the 
waveform stops when the 
original zero reference 
position is reached. Release 
the key and notice that the 
original VZR readout is 
restored and that neither 
the VPUP<^ key nor the 
VPDN<^ key is illuminated. 

A single press of this key 
will now cause the cursor 
waveform to move down 
incrementally and illumin- 
ate the VPDN<V key. As with 
theVPUPO key. continuous 
movement of the waveform 
will result if you press and 
hold this key. Position the 
displayed waveform some- 
what below center. 

Turns off the HOLD function 
and allows the 7D20 to 
resume digitizing into 
waveform memory 1. The 
HOLD key will extinguish. 
Notice the trace returns to 
its original position because 
the vertical position keys 
don't affect a cursor 
waveform that is not in 
HOLD. 



Display 
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HOW TO VERTICALLY EXPAND OR COMPRESS THE CURSOR 
WAVEFORM 

The VXPD^ (vertical expand) and VCMP^ (vertical compress) keys, shown in Figure 
2-27, allow you to expand or compress the cursor waveform two full increments (in 
a 1,2,5 sequence) from its acquired vertical scale factor. To best demonstrate this 
feature, adjust the signal generator for a sine-wave amplitude of two divisions in 
the display. Then proceed with the following: 




pv DispL^x. ‘ - ;;cuRsofT.^FM!;5 

-Q B .1 Q 



VCMP 



f 4 - 

^ t VECTOR 



Figure 2-27. Vertical compress end expand keys. 



Press Remarks 

HOLD Terminates the digitizing 

process and holds the 
current digitized waveform 
in waveform memory 1 . The 
VXPDS and VCMPg keys 
have no effect on a cursor 
waveform that is being 
actively digitized except 
with the REFerence 
waveform present. 



Display 




385703 
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Press Remarks 

VXPD^ Press this key one time and 

release. The cursor 
waveform expands and the 
VXPDS key illuminates. All 
expansions and compres- 
sions increment or decre- 
ment the stored VOLTS/ 
DIV in calibrated 1.2.5 
steps. The new vertical 
scale factor is displayed in 
the CSW readout. 

VXPD ^ Press this key a second time 

and the cursor waveform 
increments once more to 
the next higher vertical 
scale factor. Again, the 
CSW readout changes to 
reflect the new vertical 
display factor. 



VCMPS Pressingthiskeycausesthe 

cursor waveform to 
compress. The CSW 
readout will reflect the 
change The VXPD© key is 
still illuminated because the 
cursor waveform is still 
expanded. 



VCMPo Press this key a secondtime 
and the cursor waveform 
returns to its original 
digitized vertical scale 
factor. The VXPD$ key 
extinguishes when this 
occurs. 
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Press 

VCMP§ 



Remarks 

The cursor waveform 
compresses again. The 
VCMP§ key illuminates 
indicating the waveform 
has been compressed 
relative to its original 
digitized amplitude. The 
CSW readout displays the 
new vertical scale factor. 



Display 




VCMP§ 

VPDNO 



HOLD 



Compresses the cursor 
waveform aga»n and 
positions itdownwardinthe 
display. 



Terminates the HOLD 
function and, permits the 
7D20 to resume digitizing 
into waveform memory 1. 
Notice the displayed cursor 
waveform returns to its 
original position and is no 
longer affected by the 
vertical position, vertical 
compression or expansion 
keys when HOLD is 
cancelled. 
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USING HMAG (HORIZONTAL MAGNIFY) AND CURSOR MOVEMENT 

The HMAG key (see Fig. 2-28) permits you to horizontally magnify the cursor 
waveform by 10 times. Movement of cursor 1 appears different when the cursor 
waveform is magnified. This is because only a portion of the magnified waveform 
appears in the display and cursor 1 movement is designed to allow any portion of 
the magnified waveform to be positioned within the display area. Movement of 
cursor 2 is not affected by horizontal magnification. The following exercise 
illustrates the HMAG function and the movement of cursor 1 on the magnified 
waveform. 




Figure 2-28. Horizontel Magnify key. 



Remarks 

Adjust the signal generator amplitude for a 
4-division display of the sine wave. 



Display 
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Press 

HMAG 



itructionj 



-7D20 



Remarks 

The key illuminates when 
pressed and the cursor 
waveform being digitized 
into waveform memory 1 is 
immediately magnified in 
the display. HMAGnifica- 
tion is by a factor of 10 times 
so the magnified waveform 
is displayed with one tenth 
the number of horizontal 
points. Notice that cursor 1 
is on the first data point on 
the magnified waveform. 

This slewing key moves 
cursor 1 toward the end of 
the magnified cursor 
waveform. If you press and 
hold the cursor movement 
key continuous movement 
of the cursor will result. 
However, notice that the 
cursor stops at vertical 
graticule line 2 and the 
waveform moves to the left 
with respect to the cursor. 
As the end of the magnified 
waveform comes into the 
display area, cursor 1 
resumes movement to the 
end of the waveform while 
the magnified waveform 
remains stationary in the 
display. In this manner 
cursor 1 can be positioned 
to any data point on the 
horizontally magnified 
cursor waveform and you 
can scan the entire 
magnified waveform for 
viewing. This also ensures 
that cursor 1 stays always 
within the display area. This 
sequence is reversed when 
cursor 1 is moved back 
toward the beginning of the 
magnified cursor wave- 
form. Return cursor 1 to the 



Display 
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Press 

K> 

(conO 



vxpdS 

VCMP§ 

VPUP<^ 

VPDN'O 



Remarks 

beginning of the cursor 
waveform. 



Notice that these cursor 
waveform keys don’t affect 
an HMAG'd cursor wave- 
form that is not in HOLD. 
Also, notice that the 
message HOLD REQD 
(HOLD required) is display- 
ed when you attempt to use 
these keys when not in 
HOLD except with the 
REFerence waveform 
present. 



Display 
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HMAG AND THE REFerence WAVEFORM 

The REF key (shown in Fig. 2-29) permits you to view the original, unmagnified 
cursor waveform at the same time you are viewing the horizontally magnified 
version. The cursors appear on the same data points on both versions of the 
waveform. The following exercise illustrates the use of this function. 







3857-96 



Figure 2-29. REFerence Waveform key. 

Press Remarks Display 



Make sure HOLD is not 
selected 

f The f key illuminates to 

permit the selection of a 
shift function. 

CSW REF Selects the REFerence 

waveform for display. The 
REF waveform appears in 
the display as shown. 
Notice that the DSW 
readout indicates the 
REFerence waveform is 
being displayed. The first 
data point of each versionof 
the waveform overlap. 
Cursor 1 is positioned on 
that point. Adjust the CH 1 
POSITION control and 
notice that both versions of 
the cursor waveform are 
vertically re-posrlioned as 
the control is turned. Return 
the waveforms to their 
centered position. 
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Press 

VPUPO 



/ 

AON 



Remarks 

Notice that this key 
vertically re-positions only 
the magnified version of the 
waveform. Position the 
magnified waveform about 
one division above the 
REFerence waveform. 
Notice that cursor 1 is 
positioned on data point 1 
on both versions of the 
waveform. Both cursors 
appear on the same data 
point on the REFerence 
waveform as on the 
HMAG'd waveform. VPUPO 
and VPO NO act as 
separation controls. 
Change CH 1 POSITION 
control and notice the 
waveforms move together 
but maintain separation. 



Display 
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The f key begins to blink 
indicating that you can 
select a shift function. 



Turns on cursor 2 which is 
located on the last data 
point of both the HMAG'd 
and REFerence waveform. 
However, cursor 2 is not 
visible on the HMAG'd 
waveform at this time 
because the data point that 
it is positioned on is outside 
the display area. 
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Press Remarks 

o2 Position cursor 2 on or 

about vertical graticule line 
6 on the REFerence 
waveform. Cursor 2 should 
still not be visible on the 
magnified cursor wave- 
form. 



.3857-100 



Advance cursor 1 to the 
right toward the end of the 
cursor waveform. Notice 
how the magnified wave- 
form moves tothe left while 
cursor 1 (on the magnified 
waveform) remains fixed at 
vertical graticule line 2. On 
llte REFerence waveform 
cursor 1 moves to the right 
in the usual manner. 
Observe cursor action on 
both the REFerence 
waveform and the magnifi- 
ed waveform as you 
continue moving cursor 1 
toward the end of the 
waveform; cursor 2 comes 
into the display and travels 
with the magnified version 
of the waveform till it 
reaches cursor 1, at which 
time cursor 1 will push 
cursor 2 toward the end of 
the cursor waveform. When 
the end of magnified 
waveform comes into the 
display, the cursors resume 
travel till they reach the last 
data point on the waveform. 





3857 ICl 
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Press Remarks 



1 o 


Return cursor 1 to the 
beginning of the waveform 
while observing the 
movement of the cursors on 
both versions of the 
waveform. 


VCMP^ 


Notice that because the 


VPUPO 


HMAG key is illuminated. 


VPDNO 


these functions affect the 


VXPDg 


magnified portion of the 
cursor waveform display. 
Note: To modify the 
REFerence waveform you 
must be in a HOLD 
condition and HMAG and 
VS must be off. 


/ 


The / key illuminates to 
permit the selection of a 
shift function. 




REF 


Turns off the REFerence 
waveform. 



HMAG Terminates HMAG and the 

HMAG key extinguishes 
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HOW TO USE HMAG ALL 

This function key. shown in Figure 2-30 allows you to horizontally magnify ALL the 
displayed waveforms. To illustrate this function we will first copy the cursor 
waveform into all the other waveform memories. Initialize the 7D20 and proceed as 
instructed below: 




3857-103 



Figure 2-30. Horizontal Magnify ALL waveforms key 



Press Remarks 



Display 



HOLD 



COPY 



Stops digitizing process and 
holds the waveform m 
memory. 

The COPY key begins to 
blink and the COPY prompt 
appears in the display. 
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Press Remarks 

1 Selects waveform memory 

1 as the waveform to be 
copied. The COPY prompt 
will confirm your selection. 

2 Selects waveform memory 

2 as the destination of the 
COPY. Again, the COPY 
prompt confirms what 
you've selected. 

COPY The COPY key begins to 

blink and the COPY prompt 
again requests that you 
select a waveform to copy. 

1 Selects waveform 1 as the 

waveform to be copied The 
COPY prompt confirms your 
source selection. 

3 Selects waveform memory 

3 as the destination of the 
COPY. Continue the above 
process until waveform 1 is 
copied into all the rest of the 
waveform memories (4, 5. 
and 6). 

2,3,4, Displays the copied 

5, & 6 waveforms. This is indicat- 

ed by the DSW readout. 
However, since the 
waveforms were all copied 
in the same position as 
waveform 1, it will appear 
as though only one 
waveform is being display- 
ed. 



Display 




/ 



The key blinks indicating 
that you can now select a 
shift function. 
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Press Remarks 

HMAG ALL The key illuminates and all 
six displayed waveforms are 
horizontally magnified. 



VRUPf^ Vertically position the CSW 
to the top of the display. 



CSW The key illuminates and the 

CSW prompt appears in the 
display to indicate that you 
can now select any 
waveform memory for the 
cursor waveform. 



2 Selects waveform memory 

2 as the cursor waveform. 
Notice that cursor 1 moves 
to waveform 2 and that the 
readout prompt and the 
CSW display now indicate 
that waveform 2 is the 
cursor waveform. 



Display 
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Remarks 

The key illuminates and 
causes waveform 2 to move 
vertically up In the display, 
separating it from the other 
magnified waveforms and 
closer to waveform 1. 
Position waveform 2 just 
below waveform 1 as 
shown. 




Again allows selection of a 
new cursor waveform. 



Selects waveform 3 as the 
cursor waveform. The 
cursor moves to waveform 
3. 




Now moves waveform 3 
vertically up in the display. 
Position waveform 3 just 
below waveform 2. 



BRUBan^ 



W' 

m 

m 






Again allows selection of a 
new cursor waveform. 

Selects waveform 5 as the 
cursor waveform. 
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Press Remarks Display 

VPDN<v Moves waveform 5 down in 

the display. Position 
waveform 5 just below its 
original position. 



CSW, 6 
VPDN 



HMAG 



HMAG 



Repeat the above process 
for waveform 6. When 
finished, the six waveforms 
should be separated and 
positioned as shown. Notice 
that the vertical position of 
the first data point of each 
waveform is reflected in the 
order of the DSW readout. 



osy tiKS 






1 

BBt 






3857-in 



Notice that when you press 
this key, only the cursor 
waveform {waveform 6) is 
unmagnified and that the 
HMAG key extinguishes. 
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A second pressing of this 


• l„V •» 


key causes the cursor 
waveform to again be 




horizontally magnified and 


>■ '■.! O'- 


the key again 


illuminates. 
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Press Remarks 

CSW 3 Select waveform memory 3 

as the cursor waveform. 
Waveform 3 is selected as 
the cursor waveform for 
convenience only; any of 
the waveforms could be 
selected for the next two 
steps. 



1 ❖ Press and hold the cursor 1 

movement key. Notice that 
the cursor moves on 
waveform 3 till it reaches 
the second vertical graticule 
line. Then, the cursor 
movement stops and all the 
magnified waveforms travel 
across the display (simulta- 
neously) with respect to 
cursor 1 . The reason all the 
waveforms move together 
is because their horizontal 
cursor positions are 
ALIGNed. When the last 
data point of the waveform 
comes into the display, 
waveform movement stops 
and cursor 1 resumes travel 
to the end of waveform 3- 

<3 1 Pressing this key reverses 

the previous process and 
returns cursor 1 to the 
beginning of waveform 3. 



Display 
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Press 
f INDEP 






/ ALIGN 



/ 

HMAG ALL 



Remarks Display 

Turns off the ALIGN mode 
and turns on the INDEP 
mode. 



Notice now that only the 
cursor waveform moves 
across the display when 
cursor 1 reaches the second 
graticule line. 



HBHSinnrai 






Notice that all waveforms 
are horizontally aligned 
with the cursor waveform. 




3857-118 



Turns off HMAG ALL 
Notice that all displayed 
waveforms return to their 
original position in the 
display. 






MiMinimrafiiiii 

IllillllllllWIlilll 

■■■■■■■■■■ 

eusniii!ia 



2-62 



REV SEPT 82 





Operating Instructions — 7D20 



USING THE VS (versus) FUNCTION 

The versus function key, shown in Figure 2-31 permits you to display the cursor 
waveform with respect to another waveform rather than time. Initialize the 7020 as 
instructed in the preliminary set-up instructions at the beginning of this section. Set 
the TIME/DIV to 200 ps/dtv and set the trigger LEVEL to center position 




Figure 2-31. The VS (Versus) key. 



Press Remarks 

COPY, 1,3 Saves a duplicate of 
waveform 1 into waveform 
memory 3. 



Display 




3867-12Z 



VS 



The VS key will begin to 
blink and the VS prompt 
appears inthedisplay.The# 
sign in the prompt also 
blinks, indicating that the 
7D20 is waiting for you to 
designate a waveform 
number to substitute for the 
lime axis. 





IV 2ee»>8 


esiii ) 


Tpos e 


c«g; 

.1 1 


;TV'j 29$ii9 VZR «.• 

v—ia*i*«v T—zg.eiis 


3857 12d 



2-63 







operating Instructions — 7D20 



Press 

3 



Remarks 

This causes the cursor 
waveform (waveform 1) to 
be versus waveform 3. The 
VS key remains illuminated 
but is no longer blinking. 
The resultant display will 
appear as shown because 
waveform 1 isusedfortheX 
and Y axis of the display. 
Notice that the cursor 
readout uses volts for the 
horizontal value rather than 
seconds. 



Display 




3857 125 



TRIGGERING Turn this control to its fully 
LEVEL clockwise position. This will 

change the phase relation- 
ship of waveforms 1 and 3 
as shown. In this way, the 
cursor waveform can be 
displayed VS tfte data in any 
of the waveform memories, 
including itself. 




3867-191 



VS 



Turns off the VS function 
and extinguishes the VS 
key. The display now shows 
only the cursor waveform 
displayed with respect to 
time. 




3857 126 
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USING THE REFerence WITH VS 

The following illustrates how to use the REFerence feature when viewing a VS 
waveform display. 



Press Remarks 

VS, 3 Displays the cursor 

waveform versus waveform 
3 as before. 



Display 




3857-127 



/ref 



Turns on the REFerence 
Waveform for viewing at the 
same time. 
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VPUPf> 



Vertically position the 
versus display about 2 
divisions higher. 




3857-128 
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Press Remarks 



K> While positioning cursor 1 

left and right, observe its 
position on both the 
REFerence and VS wave- 
forms. Here the REFerence 
serves as a time reference 
as indicated by the 
horizontal coordinate 
reading in seconds. 



Display 



VS 



Terminates both the VS 
function and turns off the 
REFerence waveform. 
Return the TRIGGERING 
LEVEL control to midrange. 




3857-187 



VECTORS AND DOTS 

Up to this point the waveform displays you have viewed consist of a series of dots 
that represent the digitized waveform data points. As these dots become separated 
vertically it sometimes becomes difficult to determine which dot follows which. Your 
7D20 has a selectable VECTOR function (see Fig. 2-32) that connects time adjacent 
dots. This allows you to better determine their time relationships. The VECTORS are 
designed such that you can still easily discern the waveform data points because 
they appear intensified with the VECTORS on. 




Figure 2-32. VECTOR key. 
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EXERCISE 8 

USING THE AVERAGE AND ENVELOPE 
FUNCTIONS AND SET N 



So that you may start at any of the 12 Get-Acquainted Exercises, the Initialization 
feature has been used as necessary to set front-panel control settings to a known 
state by a single selection of INIT FRONT PANEL from the UTILITIES menu (refer to 
the list of predetermined settings in the Detailed Operating Instructions under Menu 
Functions). Under normal applications it is not necessary to use the Initialization 
feature, but it may be helpful. 

These function keys, shown in Figure 2-33 permit you to average or envelope 
waveforms that are being digitized. AVEraging is useful for reducing uncorrelated 
noise in stgnals and improves its signal to noise ratio ENVetoping is useful for 
revealing subtle variations in signals and allows the 7D20 to be left unattended for a 
long period of time while monitoring signals for time and amplitude variations such 
as frequency drift. Refer to the Detailed Operating Instructions later in this section 
for the algorithms used for waveform processing. Waveforms can be AVEeraged or 
ENVeloped continuously or you can use the SET N feature to select the number of 
waveforms to process before automatically entering HOLD. The following shows 
how, but first, make sure the 7020 is initialized and that the 1 kHz sine wave is 
connected as described in the PRELIMINARY SET-UP INSTRUCTIONS. 




Figure 2-33. Waveform processing keys. 
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Remarks 

The AVE key illuminates 
and the 7D20 starts to 
continuously average the 
signal as it is beingdigitized. 
Slightly adjust the CH 1 
POSITION control and 
observe the effect. The 
display readout displays the 
number of averages asthey 
accumulate up to the 
current value of N. at which 
point the display simply 
indicates that the number of 
averages exceeds the 
current value of N and a">" 
sign appears in the prompt. 
Selection of the AVE 
function will cancel the 
HOLD. ENV. ENV N. SET N. 
and AVE N functions if any 
are active. 



Display 




3857 130 



This terminates the AVE 
process and displays the 
total number of averages in 
the readout up to the 
current value of N. You can 
also terminate the AVE 
function by selecting HOLD 
NEXT, which would allow 
the 7D20 to average the 
next triggered waveform, 
then enter HOLD. Again, 
the total number of 
waveforms averaged up to 
the current value of N would 
be displayed. Termination of 
the AVE function can also 
be effected by sefeciirjg AVE 
N, ENV. and ENV N with the 
selected function being 
initiated. Or, the AVE 
function can he terminated 
by pressing the AVE key a 
second time in which case 
the 7D20 would resume 
normal digitizing operation. 




3857 131 
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Press 

ENV 



VECTOR 



HOLD 



Remarks 

The HOLD function is 
cancelled, the ENV key 
illuminates and the 
ENVelope function is 
initiated. The sine wave will 
be continuously enveloped 
and the readout displays the 
accumulated total of times 
the waveform is ENVeloped. 
While ENVeloping. slowly 
adjust the frequency of your 
signal generator and 
observe the results. 
Selection of the ENV 
function automatically 
cancels HOLD. AVE, AVE N, 
ENV N, or SET N. 



Display 




By connecting adjacent 
samples, the VECTORS 
paint in the envelope to aid 
in visual interpretation. 




3857-154 



Terminates the ENV 
process and displays the 
total number of times ihe 
waveform was enveloped. 
As was tfie case with the 
AVE function, you can also 
terminate the ENV mode 
with the HOLD NEXT 
function which would allow 
one additional triggered 
waveform to be enveloped 
before automatically 
entering HOLD and 
displaying the accumulated 
total in the readout. You can 
also terminate the ENVel- 
ope mode by selecting AVE. 
AVE N, or ENV N with the 
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Press 

HOLD 

(cont) 



SET N 



/ 



AVE N 



Remarks Display 

initiating of the function 
selected. The ENV mode can 
also be cancelled by 
pressing the ENV key a 
second time. The key will 
extinguish and the 7D20 
will resume normal 
digitizing operation. 



The SET N key will blink 
when pressed and the SET 
N? prompt appears in the 
display readout. The prompt 
will indicate the current 
value of N as shown. You 
can change the value of N by 
pressing and holding the 
SET N key. This will cause N 
to cycle repeatedly through 
this sequence of values: 8, 
16, 32, 64, 128, and 256. 
Release the key to stop at 
the desired value of N. For 
the purpose of this exercise 
set the value of N to 128. 
The SET N prompt will 
disappear from the readout 
when you press the next key 
(this could be any key). 




The f key begins to blink 
indicating that you can now 
select a shift function. 



Selects the AVE N function. 
The key illuminates and the 
Sine wave is averaged 128 
times. Notice that the 
readout begins the AVE N 
count at the value of N and 
counts down to 0; at which 
time the HOLD function is 
initiated. The readout then 
changes to indicate that the 
waveform being displayed 
has been averaged 128 
times. The AVE N function 
can be cancelled by 




3857 135 
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Press 

AVE N 
(cont) 



/ 

ENV N 



Remarks Display 

selecting HOLD, HOLD 
NEXT, AVE. ENV. or ENV N 
with the selected function 
being initiated. 



Selects the ENV N function. 
The ENV N key illuminates 
and the sine wave is 
enveloped 128 times. As 
soon as you press ENV N. 
change the frequency of 
your signal generator 
slightly and observe the 
resulting display. Notice 
that just like the AVE N 
function, the readout begins 
the envelope count at 128 
{the value of N) and counts 
down to 0. At the zero count 
the 7020 automatically 
enters HOLD and the 
readout indicates an 
ENVelope count of 128- The 
ENV N mode will cancel 
with the selection of HOLD, 
HOLD NEXT. AVE. AVE N, 
or ENV with the selected 
function initiated. Note; The 
AVEraging and ENVeloping 
modes will function at all 
TIME/DIV settings. How- 
ever, when using ROLL 
mode, some special 
features are provided. Refer 
to AVEraging, ENVeloping. 
and SET N functions in the 
Detailed Operating Instruc- 
tions. 
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EXERCISE 9 

DIGITIZING MODES AND THE 
TIME/DIV CONTROL 



The 7D20 has four digitizing modes automatically selected by the TIME/DIV 
selector. These different digitizing modes ensure optimum digitizer operation for the 
full range of TIME/DIV settings. These modes are described here but for more 
information, refer to the Detailed Operating Instructions in this section and to the 
Operational Theory, section 3. 




TIME/DIV 



AOualOOnt 



REP(TITIVEsUi{ 



Figure 2-34. The TIME/OIV— digitizing modes selector. 



REAL-TIME AND EXTENDED REAL TIME 

So far we have been using the real-time digitizing mode which extends from 50 
ms/div to 500 /zs/div. The extended real-time mode extends from 200 /zs/div to 2 
ps/div. The primary difference between these two modes is that the record length 
(points per waveform} decreases from 100 points/div to 80 points/div in the 
extended real-time mode. See Detailed Operating Instructions. 

ROLL MODE AND EXTernal CLOCK 

To demonstrate the roll mode, adjust your sine-wave signal to 1 -Hz, DC coupled, and 
set the TIME/DIV selector for 100 ms/div. You will observe that the signal display 
rolls across the crt. This roil motion can be stopped at any lime by pressing the 
HOLD key. The last digitized point always appears at the extreme right of the display. 
As you change from 100 ms/div to 20 s/div with the display not in HOLD, note that 
the dtgiitzing process continues in the roll mode. To use the EXTernal CLOCK 
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function, the TIME/DIV control must be set to EXT, and a signal applied to the EXT 
CLOCK input connector. Refer to Exercise 12, Using the External Clock for further 
information. 

EQUIVALENT TIME MODE 

in the equivalent lime digitizing mode several trigger events are needed to digitize a 
full record (1024 waveform data points) length. This can be demonstrated by setting 
the TIME/DIV to 1 /js/div and changing the sine-wave signal to 100 kHz. Make 
abrupt adjustments of the CH 1 POSITION control to vertically reposition the 
waveform by several divisions (either up or down). When you do this you will notice 
a short time lag occurs and the momentary presence of multiple traces as the 
digitizer completes the record at the changing POSITION control settings. 
Decreasing the TIME/DIV makes this more obvious as the digitizer requires more 
triggers to digitize the waveform at a new position. Refer to the Detailed Operating 
instructions in this section and to the Operational Theory, section 3, for more 
information. 
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EXERCISE 10 

SETTING THE TRIGGER POSITION 



So that you may start at any of the 12 Get-Acquainted Exercises, the Initialization 
feature has been used as necessary to set front-panel control settings to a known 
state by a single selection of INIT FRONT PANEL from the UTILITIES menu (refer to 
the list of predetermined settings in the Detailed Operating Instructions under Menu 
Functions). Under normal applications it is not necessary to use the Initialization 
feature, but it may be helpful. 



With the TRIG POS keys (shown in Fig. 2-35), the 7D20 permits you to view up to 
1 0 divisions of pretrigger and up to 1500 divisions of post trigger. Pretrigger allows 
you to see events that occur before the trigger event while post triggering acts like a 
digital delay which allows you to view events that occur after the trigger event. The 
trigger position setting appears in the upper right corner of the display readout just 
below the TIME/DIV setting as shown in Figure 2-36. For this exercise, instead of 
the sine wave you've been using, connect the calibrator signal from the host 
mainframe to the CH 1 input connector of the 7D20. Set the calibrator for a 1 -kHz, 4 
volt signal output and set the 7D20 TIME/DIV for 100 //s. Initialization set the 7D20 
to trigger on the positive slope of the incoming signal so the display should appear 
as shown in Figure 2-36, Proceed with the exercise. 



Press Remarks 

TRIG POS <> One press of thiskeycauses 
the TRIGger POSiiion to 
move one full division to the 
right of its zero position. 
Four more presses will step 
the TRIG POS to the center 
of the display. Therefore, 
half of the display shows 
pretrigger and half shows 
post triggered waveform. 



Display 




3857.180 




3857 181 
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Figure 2-35. TRIGger POSition keys. 



Figure 2-36. Trigger POSition readout. 



Press Remarks 

TRIG POS'C* Press and hold this key and 
the TRIG POS will incre- 
ment to 1 0 This results in a 
full 10-division display of 
information which occurred 
prior to the trigger event. 



Display 




3B57.182 
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Press Remarks 

<>TRIG POS Press and hold thts key and 
the TRIG POS increments 
back to zero where it 
automatically stops. 
Release the key. 



Display 




3857-183 



•OjTRIG POS Press and hold this key and 
again the TRIG POS will 
decrement to -1500 
divisions of post trigger. The 
trigger event actually 
occurs 1 500 divisions (1 50 
ms) before the beginning of 
this waveform. 




3857-1B4 



TRIG P0S=> 



Press and hold this key to 
automatically return the 
TRIG POS to zero. 




3857. 185 
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EXERCISE 11 
USING THE HOLD NEXT 



So that you may start at any of the 12 Get-Acquainted Exercises, the Initialization 
feature has been used as necessary to set front-panel control settings to a known 
state by a single selection of INIT FRONT PANEL from the UTILITIES menu (refer to 
the list of predetermined settings in the Detailed Operating Instructions under Menu 
Functions). Under normal applications it is not necessary to use the Initialization 
feature, but it may be helpful. 

The HOLD NEXT feature (HOLD NEXT key is shown in Fig, 2-37) is used to capture 
and hold digitized waveforms. Generally speaking, when HOLD NEXT is in effect, 
your 7D20 will accept the next trigger event, digitize a full memory of waveform 
data, then automatically enter HOLD. However, its actual operation varies 
somewhat depending upon the digitizing mode that is being used. (The digitizing 
modes are demonstrated in EXERCISE 9.) The HOLD NEXT mode can be used to 
acquire data from a single trigger event just as the single sweep mode is used in a 
conventional oscilloscope. 

Initialize the 7D20 and perform the following steps to illustrate how HOLD NEXT is 
used in the different digitizing modes. 




Figure 2-37. The HOLD NEXT key. 
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REAL-TIME AND EXTENDED REAL TIME (50 ms> Time/Div > 2 ^us): 

Press Remarks 

HOLD NEXT Note that the 7D20 goes into HOLD and that the TRIC'D light goes 
out. When you first pressed the HOLD NEXT key the 7D20 simply 
accepted one more trigger, digitized a full memory of waveform data, 
then entered HOLD. Each subsequent press of the HOLD NEXT key 
arms the circuits to accept a new trigger and repeats the process. The 
TRIC'D light illuminates when the trigger occurs. This is true for the 
real-time digitizing mode (50 ms/div to 500 ^s/div) and for the 
extended real-time digitizing mode (200 ps/div to 2 /rs/div). 

EQUIVALENT TIME MODE (1 /is > TIME/DIV > 50 ns): 

For this part set the TIME/DIV for 100 ns/DIV and adjust the incoming sine-wave 

signal to 1 MHz. 

Press Remarks 

HOLD NEXT Notice the 7D20 display momentarily updates before entering HOLD. 

In the equivalent time mode (1 /zs/div to 50 ns/div), when the HOLD 
NEXT key is pressed, the 7020 accepts enough repetitive triggers to 
build a complete representation of the waveform before entering 
HOLD. The TRIC'D light stays illuminated during each triggered 
digitizing period. Refer to the Operational Theory, Section 3 for 
further information. 

ROLL MODE AND EXTernal CLOCK (20 s - 100 ms) 

Select DC coupling on CH 1 and set the TRIGGERING MODE for NORM with DC 

COUPLING and HF REJ. Set the TIME/DIV control for 100 ms/div and change the 

input signal to a 1-Hz sine wave. 

Press Remarks 

HOLD NEXT Observe that the HOLD NEXT key illuminates when pressed but the 
display continues to roll for a short time. Then, the TRIG'D light 
comes on and a full 10-divisions of waveform rolls past before the 
7D20 enters HOLD and the TRIG'D light goes out. Subsequent 
pressing of the HOLD NEXT key will produce the same result. Notice 
in doing so, that the 7D20 triggers on the same point and slope of the 
waveform each time. When HOLD NEXT is activated in the roil mode, 
a hold off period occurs while the circuits are armed. This allows 
about a screen full of data to roll across before a trigger can be 
accepted When a trigger is accepted, the TRIG'D light comes on and 
the displayed waveform continues to roll across the screen until the 
selected TRIG POS is reached. If the TRIG POS is 0 then a full screen 
of data will cross the screen before HOLD is entered and the TRIG'D 
light goes out. Set the TRIG POS to center screen and only half a 
screen of data will roll across after a trigger is accepted. HOLD NEXT 
operates this way throughout the range of roll digitizing mode (20 
s/div to 100 ms/div and EXT clock). 
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EXERCISE 12 

USING THE EXTERNAL CLOCK 

EXTernal CLOCK digitizing mode permits you to digitize signals using an external 
clock to determine when digitized point values are stored in waveform memory. 
Polarity of the EXTernal CLOCK Is set by using the MENU feature of your 7D20 as 



instructed below: 

Press Remarks 

MENU, 4 Selects the UTILITIES 
menu 



4 Select EXT CLOCK POLAR- 

ITY from the UTILITIES 
menu. EXT CLKf prompt 
will appear in the display. 
The prompt arrow indicates 
the polarity setting of the 
EXTernal CLOCK. Each 
subsequent press of the 4 
key will reverse the polarity 
setting so long as the 
UTILITIES menu is being 
displayed. Set the EXT CLK 
polarity to positive ( f ). You 
can clear the prompt by 
pressing any other key. 
However, if you press the 
menu key the prompt and 
the displayed menu will 
both be cleared from the 
display. 

Now, connect your signal 
generator to the EXT CLOCK 
input located in the lower 
part of the front panel of the 
7020. Apply a 5 volt signal. 
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Press Remarks Display 

4 Select 100 Hz frequency, 

(cont) this can be either a square 

or sine wave. Rotate the 
TIME/DIV control counter- 
clockwise until "EXT 4 ■■ is 
displayed in the upper right 
corner of the readout. 



HOLD 



The waveform display 
should be rolling. If not, be 
sure you are not m HOLD. 
While turning the CH 1 
POSITION control back and 
forth, vary the signal 
generator frequency about 
2 or 3 times slower or faster 
and notice that the speed of 
the ROLLing also varies. 



Enters HOLD and the 
waveform stops moving 
Observe the cursor’s 
horizontal coordinate no 
longer reads in seconds. 
Since the EXT CLOCK may 
not alwaysbe a calibrated or 
constant frequency source, 
the cursor readout simply 
indicates point numbers 
instead of time. 




This concludes the GET-ACQUAINTED EXERCISES. For additional information, refer 
to the DETAILED OPERATING INSTRUCTIONS that follows in this section 
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DETAILED OPERATING INSTRUCTIONS 

INTRODUCTION 

Detailed information concerning the controls and operation of the 7D20 is given in 
the following pages. 



POWER-UP 

At power-up the 7D20 automatically performs an internal self test. Upon completion 
of its self test, the 7D20 restores many of its control settings which were retained in 
memory when power was last removed. Table 2-1 shows what settings are restored 
and which ones return to a power-up default condition. 



TABLE 2-1 

Control Settings at Power Up 



I. Control settings restored upon power-up: 

A. CH1/CH2 

VOLTS/DIV 
COUPLING 
INVERT (CH2) 

B. TRIGGERING 

MODE 

COUPLING 

SOURCE 

SLOPE 

POSITION 

C. HORIZONTAL 

TIME/DIV 

EXTERNAL CLOCK POLARITY 

D. MEMORY DISPLAY 

DISPLAY 1 
DISPLAY 2 

CURSOR WFM tt n or 2) 

REFERENCE WFM 

E. CURSOR WFM (If WFM 1 or WFM 2 at power down.} 

VPUP, VPDN (For HMAG and VS with REF operation.) 
HMAG, VS 

F. ACQUISITION 

AQR MODE 

G. CURSORS 

MODE (IISIDEP or ALIGN) 

AON/AOFF 
CURSOR POSITIONS 



TABLE CONTINUED 
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TABLE 2-1 (CONT) 
Control Settings at Power Up 

H. GPIB 

ADDRESS 

MODE 

TERMINATOR 

I. OTHER 

VECTOR 
SET N VALUE 



II. Defaults of control settings not restored at Power Up. 

A. CH1/CH2 

VARIABLE GAIN CONTROLS;ACTIVE 
POSITION CONTROLSiACTIVE 

B. TRIGGERING 

TRIGGER LEVEL CONTROLACTIVE 

C. HORIZONTAL 

HORiZ POSITION CONTROLACTIVE 

D. MEMORY DISPLAY 

DISPLAY 3-6:OFF 

CSW; If CURSOR WFM was 3-6 it is reset to CHI if AQR MODE is CHI, 
BOTH, or ADD. and to CH2 if AQR MODE is CH2, 

COPYiOFF 

E. CURSOR WFM 

VXPD, VCMPiOFF 

VPUP, VPON:OFF (Except separation for HMAG or VS) 

For all WFM's other than CSW. VXPD. VCMP. VPUP. VPDN, HMAG 
and VS are off. 

F. ACQUISITION: No default settings. 

G. CURSORS: No default settings. 

H. GPIB: See GPIB section. 

I. OTHER 

AVE, AVE N:OFF 

ENV, ENV N:OFF 

MENU:OFF 

RQS, RQS#:OFF 

ID:OFF 

HOLD:OFF 

/.Off 
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MENU FUNCTIONS 



The 7D20 MENU allows you to select a number of functions using the numbered (1 - 
6) MEMORY DISPLAY keys. When pressed, the MENU key will illuminate and cause 
the last selected MASTER MENU (see Fig. 2-38) or submenu to be displayed. When 
initially selected after power-up it displays the MASTER MENU. Selecting MENU 
terminates TEST menus, ID, and clears any displayed text. The MENU is terminated 
by pressing the illuminated MENU key or by TEST, ID, or TEXT from GPIB. The 
illuminated MENU key will extinguish upon termination and the displayed menu will 
disappear. The following shows the 7D20 menus and explains their associated 
function selections. 



m 



■ HtHifeffi itiiiiBB 



g 
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Figure 2-38- 7D20 MASTER MENU. 



MASTER MENU SELECTIONS 
1,# STORE PANEL # 

This Menu function (see Fig. 2-38) permits you to store up to six sets of front panel 
settings. These settings are retained in memory at power down and can be recalled 
using menu item 2, which is described next. Table 2-2 gives the items that are 
stored, other items retain their current or most recent status before a recall 
command. 

To store front panel settings, press MEMORY DISPLAY key 1. The prompt display 
field will read; STORE #, with the P sign blinking. At this point, you can press any of 
the numbered (1-6) MEMORY DISPLAY keys and the current front panel settings 
will be stored in the respective front panel memory. This in no way interferes with 
the storage of waveform data. Settings previously stored in the selected memory are 
replaced with the current settings. The store function is terminated upon completion 
of the command. 
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TABLE 2-2 

Front Panel Settings that can be Stored and Recalled. 



A CH1/CH2 


D. MEMORY DISPLAY 


VOLTS/DIV 


DISPLAY 1-6 


COUPLING 


CURSOR WFM/f 


INVERT (CH2) 


E. CURSOR WFM 


B. TRIGGERING 


NONE 


MODE 


F. ACQUISITION 


COUPLING 


AQR MODE 


SOURCE 


G. OTHER 


SLOPE 


VECTOR 


POSITION 
C. HORIZONTAL 
TIME/DIV 

EXTERNAL CLOCK POLARITY 


SET N VALUE 



2.# RECALL PANEL tf 



This Menu function allows you to recall any set of front panel settings which have 
been stored as described previously. Select this function by pressing MEMORY 
DISPLAY key 2. The prompt: RECALL tt will appear in the display. The # sign will 
blink indicating that you should now select the numbered MEMORY DISPLAY key 
corresponding to the settings you wish to recall. Upon pressing the desired key, the 
7D20 will immediately reset to the settings stored in the selected memory. The 
recall function terminates upon completion of the command. 

3 DISPLAY CAL PATTERN 

This menu selection is activated by pressing MEMORY DISPLAY key 3, which 
causes the DISPLAY CAL PATTERN shown in Figure 2-39 to be displayed. The 
DISPLAY CAL PATTERN is used with the DISPLAY CAL adjustments on the front 
panel to compensate the 7D20 display for the calibration of the host mainframe. 
Adjustment of these controls affect only the display and has no effect on the 
digitizing accuracy of the 7D20. Included in the DISPLAY CAL PATTERN is a 
VECTOR display that forms a flower pattern. Optimum VECTOR displays are 
achieved when the flower pattern is adjusted (using the VECT LIN adjustment) for a 
closed X pattern The complete procedure for adjusting the DISPLAY CAL 
adjustments is given in the preliminary set-up portion of the ’'Get-Acquainted 
Exercises To terminate the DISPLAY CAL PATTERN press MEMORY DISPLAY key 
6 which returns the MASTER MENU to the display or press the illuminated MENU 
key which terminates the MENU mode. Instrument status and waveform data is 
retained during this process 

4 UTILITIES 

Pressing MEMORY DISPLAY key 4 causes the UTILITIES submenu, shown in Figure 
2-40, to be displayed. As with the MASTER MENU functions, selections from the 
UTILITIES MENU are made by pressing the numeric MEMORY DISPLAY key that 
corresponds to the menu selection you want. The UTILITIES MENU can be 
terminated by pressing MEMORY DISPLAY key 6. which returns the MASTER 
MENU, or by pressing the illuminated MENU key which terminates the MENU mode. 
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Figure 2-39. DtSPLAY CAL PATTERN. 
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Figure 2-40. UTILITIES MENU. 

Utilities Menu Selections 

1 SEND CSW ASCII. The selection of this function from the UTILITIES menu 
transmits the cursor waveform preamble and ASCII curve data over the GPIB. This 
command is provided for use with other GPIB instruments in a listen only mode 
where no controller is present in the system (refer to the GPIB Section 4). 7D20 
must be in talk only mode. 

2 SEND CSW BINARY. The selection of this funct ion transmits the cursor 
waveform preamble and binary curve data over the GPIB. This command is also 
provided for use with other GPIB instruments in a listen only mode where no 
controller is present in the system (refer to GPIB Section 4). 7D20 must be in talk 
only mode. 

3 READOUT ON/OFF. This selection from the UTILITIES menu will turn off or 
on the display readout (lines 1. 2. 15. & 16). Menu and text lines 3-14 are not 
affected. 
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4 EXT CLOCK POLARITY. This UTILITIES menu selection displays the current 
status of the EXTernal CLOCK polarity in the prompt field as shown in Figure 2-41 . 
The message "EXT CLK+ " or "EXT CLKf " is displayed fdepending on current 
polarity status) and the arrow will be blinking. The EXT CLOCK polarity will reverse 
with each additional press of MEMORY DISPLAY key 4. 

5 INIT FRONT PANEL. This MENU feature is included mainly to simplify the 
Get-Acquainted Exercises but may be used any time that you wish to set the front 
pane! controls to a known state. Its selection, either from the UTILITIES menu or 
from a command over the GPIB will clear WFM memories 4 through 6, and will 
initialize the 7D20 front panel to the following predetermined settings: 

A. CH1/CH2 

VOLTS/DIV:1 

POSITION CONTROLSiACTIVE 
VARIABLE CONTROLS:ACTIVE 
COUPLING:AC 
CH2 INVERTOFF 

B. TRIGGERING 

MODE:P-P 
HOLD NEXTOFF 
COUPLING:AC 
SOURCE:MODE 
SLOPE:POS 

LEVEL CONTROLACTIVE 
POSITION:0 

C. HORIZONTAL 

T1ME/DIV:1 mS 
POSITION CONTROLACTIVE 
EXT CLOCK POLARITY:POS 

D. MEMORY DISPLAY 

DISPLAY TON 
DISPLAY 2-6:OFF 
CSW:OFF 
COPY:OFF 
REF:OFF 

6 MASTER MENU. This selection from the UTILITIES MENU returns the 
MASTER MENU to the display. 

TEST MENU 

Each time the 7D20 is powered up it automatically executes an internal "Self Test". 
This self test can, however, be run anytime at the discretion of the operator. To 
manually initiate SELFTEST, first press the f (shift function) key, then press the 
MENU TEST key. This will cause the TEST MENU shown in Figure 2-42 to be 
displayed. Next, press the 1 key (MEMORY DISPLAY) to select EXECUTE SELFTEST 
from the TEST MENU. The SELFTEST will then execute (front panel keys will blink, 
etc.) and, upon completion, the SELFTEST PASS message will appear in the display 
as shown in Figure 2-43 and the TEST MENU will extinguish. The 7D20 will reset to 



E. CURSOR WFM 

CSW:1 

VXPD. VCMP OFF 
VPUP, VPDN:OFF 
HMAG, VS:OFF 

F. ACQUISITION 

AOR MODE:CH1 

G. CURSORS 

MOOE:AL!GN 

AOFF:ON 

CURSOR 1:POINT 1 
CURSOR 2;POINT 1024 

H. GPIB 

NONE 

I. OTHER 

AVE. AVE N:OFF 
ENV. ENV N OFF 
MENUOFF 
RQS, RQS #;0FF 
ID:OFF 
HOLD:OFF 
/ :OFF 
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Figure 2-41. Exlemal Clock prompt. 




3857 189 

Figure 2-42. TEST MENU. 
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Figure 2-43. SELFTEST PASS message. 
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the state it was in before SELFTEST was initiated and all waveform memories will 
be initialized. 

Should the SELF TEST fail, the appropriate message will also appear in the display 
along with the number of the failed test as shown in Figure 2-44. This information 
should be reported to a qualified service person for repair. 

SELF TEST can be continued by pressing MEMORY DISPLAY key 1 in response to 
the Failure menu displayed when a self test failure occurs. This will continue the 
Self Tests but the number of the failed lest will remain in the display To leave the 
Self Test mode after a failure occurs, press MEMORY DISPLAY key 2 to EXIT 
SELFTEST. The Prompt and Error Message Field will display the SELFTEST FAIL 
message. 







3857-192 



Figure 2-44. Self Test Fail. 

Items 2, 3, and 4 on the TEST MENU are service related items Use of these tests is 
intended only for qualified service personnel and are explained in the 7D20 Service 
Manual. Should you somehow get the 7D20 into one of these test routines and 
can't get out, you may need to turn the power off then back on to restore normal 
operation. 



PROMPTS AND WARNINGS 

The 7D20 displays prompts and warnings in response to certain actions or 
conditions. The following is a complete list of these prompts and warnings along 
with descriptions of why they will be displayed. 

Prompt Description 

SET N=XXX? Appears In response to pressing the SET N key. The X s will 

indicate the current value of N. Press and hold the key to 
cycle through the possible values of N. 
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Prompt 

COPY 

CSW tt 
CSW X vs # 

STORE # 

RECALL # 

EXT CLKI 
or EXT CLK* 

RQS # 

MODE=mode? 

TERM=term? 

ADDR=XX 

0-10 TPOS REQD 

HOLD REQD 
(HOLD REQUIRED) 

HMAG, VS REQD 
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Description 

Appears in response to pressing the COPY key. This requires 
entry of the number of the waveform to be copied and the 
number of the waveform destination. 

Appears when the CSW key is pressed. This requires the 
number of the desired cursor waveform. 

Is displayed when the VS key is pressed. This requires that 
you enter the number of the waveform you wish to display 
versus the CSW. The cursor waveform number is X 

This prompt appears in response to the selection of item 1 on 
the MASTER MENU. Press the number of the memory in 
which you wish to store the front-panel settings. 

This prompt appears in response to the selection of item 2 on 
the MASTER MENU. Press the number of the MEMORY 
DISPLAY key where front-panel settings were previously 
stored and those settings will be automatically restored. 

Appears when item 4 on the UTILITIES menu is selected. The 
direction of the arrow indicates the current polarity setting of 
the EXTernal CLocK. Polarity will reverse upon each 
subsequent press of MEMORY DISPLAY key 4 so long as the 
UTILITIES menu is displayed. 

This prompt appears in response to the selection of / RQS 
tf. The user completes the command by pressing 1 -6 which 
gives RQS X prompt. 

In this prompt, mode = OFF, T (talk), L (Listen), or T/L 
(Talk/Listen). 

In this prompt, term = EOl or LF/EOI. 

In this prompt, XX = 0 - 30, 

This warning is given in AVE or ENV ROLL Mode (or the 
EXTernal CLocK) if a negative trigger position is selected. 

This warning appears if VPUPO . VPDNci^. VCMP§, or 
VXPD^ are pressed while the 7D20 is actively digitizing into 
the cursor waveform and REFerence is off. 

This warning is given when you attempt to select the 
REFerence waveform when the 7D20 is not displaying a 
HMAG cursor waveform (magnified cursor waveform) or is 
not in the VS (versus) mode. 
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Prompt Description 

CSW REQD This warning is displayed if you attempt to turn off the cursor 

waveform. 



UPDATE This warning appears If you attempt to change any of the 

IGNORED parameters in the ID menu when the 7D20 is m the remote 

with lockout state. 



RQS OFF This warning occurs when the RQS or probe identify button 

is pressed and the RQS mask is turned off. The RQS mask 
can be turned off by the RQS OFF, PID OFF, or USER OFF 
GPIB commands. Refer to Section 4, GPIB. 

TALK ONLY REQD This warning occurs when send CSW Binary, or send CSW 
ASCII command is selected if the GPIB mode is not Talk Only, 



The following messages are results of self test and diagnostic checks. In the event 
of a test failure message, refer the problem to a qualified service person. 



SELFTEST PASS 
SELFTEST FAIL 
GPIB PASSED 
GPIB FAILED 
EAROM PASSED 
EAROM FAILED* 

FAIL XX (where X = failed circuit number). 



DISPLAY CALibration 

The 7D20 contains five {5} controls to compensate the 7D20 for the calibration of 
the host mainframe. These controls must be adjusted by the operator each time the 
7D20 is installed in a new or different host mainframe. To adjust these controls it is 
necessary to call up a waveform that is permanently stored in the memory of the 
7D20 and is accessed by using the MENU. This procedure is given at the beginning 
of this section in the preliminary set-up part of the "Get-Acquainted Exercises". 
Adjustment of these controls affects only the display and has no effect at all on the 
digitizing characteristics of the 7D20. 

VERT CTR— This screwdriver control adjusts the 7D20 display output to match the 
vertical position tolerance of any Tektronix 7CXX)-series mainframe. 

VERT GAIN— This screwdriver control adjusts the 7D20 display output to match 
the vertical gain tolerance of any Tektronix 7000-series mainframe. 

HORIZ CTR— This screwdriver control adjusts the 7D20 display output to match the 
horizontal position tolerance of any Tektronix 7000-series mainframe. 



•The EAROM FAILED message is also given when the RECALL command is given and the 
memory being retrieved contains bad data. 
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HORIZ GAIN— This screwdriver control adjusts the 7D20 display output to match 
the horizontal gain tolerance of any Tektronix 7000-series mainframe. 

VECT LIN— This screwdriver control optimizes the quality of the VECTOR display 
from one host mainframe to another by compensating for their various delay line 
lengths. 



READOUT DiSPLAY 



The readout display of the 7D20 is generated internally and displayed on the crt of 
the host mainframe. There are four lines of characters reserved for the readout 
display. Two lines of characters are centered in the top graticule division (lines 1 
and 2, for the current control settings and prompt field), and two lines of characters 
are centered in the bottom graticule division (lines 15 and 16, for the cursor 
waveform parameters). The functions of these four lines are detailed below. 

CURRENT CONTROL SETTINGS AND PROMPT FIELD 

These readout lines (lines 1 and 2) are centered in the top graticule division; they 
display the current front-panel control settings and prompt messages, positioned as 
follows: 



LINE 

1 


Not Used 
by 7020 




CH 1 VOLTS/OIV 
Setting 




CH 2 VOLTS/DIV 
Setting 




TIME/D IV 
Setting 














LINE 

2 


Displayed 

Waveform 

Number 




Prompt Field 




Trigger 

Position 



CURSOR WAVEFORM PARAMETERS 

These readout lines (lines 1 5 and 1 6) are centered in the bottom graticule division; 
they display information about the cursor waveform, and are positioned as follows: 



LINE 

15 



LINE 

16 



Cursor 

Waveform 

Number 



Not Used 
by 7020 





Cursor Waveform 




Cursor Waveform 






Vertical Scale 




Horizontal Scale 






Factor in 




Factor in Time or 






VOLTS/DIV* 




VOLTS/DIV 





Cursor Weveform 
Vertical Zero 
Reference ‘ 



Cursor Vertical 




Cursor Horizontal 


Coordinate 




Coordinate 



•Also affected by waveform modifiers (e.g.. VXPD, VPUP, etc.) 
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VERTICAL CONTROLS 



With the exception of the channel 2 invert function all controls for both input 
channels are identical so only channel 1 controls will be discussed. 

SIGNAL CONNECTION 

In general, probes offer the most convenient means of connecting signals to the 
7D20 inputs. The 7D20 supports all Tektronix probe readout encoding. Refer to the 
Tektronix, Inc. catalog for probe selection. 

Coaxial cables may also be used to connect signals to the 7D20 input connectors. 
However, cables can have a considerable effect on the accuracy of the displayed 
waveform. To maintain the original frequency characteristics of an applied signal, 
use only low-loss, high-quality coaxial cable. Also, cables should be terminated in 
their characteristic impedance. If this is not possible, use suitable impedance 
matching devices. 

INPUT CONNECTORS 

These bnc connectors provide signal connection for their respective channels. 

VOLTS/DIV (VARIABLE) 

The vertical signal component is determined by the signal amplitude, the 
attenuation factor of the probe, the setting of the VOLT/DIV switch, and the setting 
of the VARIABLE control. The VOLTS/DIV switch (both channels) selects calibrated 
vertical sensitivity settings from 5 V/OIV (counterclockwise) to 5 mV/DIV 
(clockwise] in a 1,2,5 sequence. The knob settings are displayed on the crt of the 
host mainframe in the positions shown in Figure 2-45. The VOLTS/DIV settings 
shown in the display apply only when the VARIABLE control is in the calibrated 
(detent) fully-clockwise positron. 




Figure 2-45. VOLTS/DIV readout. 
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The VARIABLE control provides continuously variable, uncalibrated settings 
between the calibrated steps of the VOLTS/DIV switch. With the VARIABLE control 
fully counterclockwise and the VOLTS/OIV set to 5 volts/div, the uncalibrated 
vertical sensitivity is extended to at least 12.5 volts/division. By applying a 
calibrated voltage source to the input connector, any specific vertical sensitivity 
value can be set within the range of the VARIABLE control. When the VARIABLE 
control is moved from its detent position, a sign (see Fig. 2-46) will appear in 
the display next to the VOLTS/DIV readout to indicate an uncatibrated setting with 
greater attenuation, 




Figure 2-46, VARIABLE VOLTS/OIV readout indicator. 



POSITION 

This control vertically positions the signal being acquired into channel 1 and 
channel 2 during digitizing. Its range is ±10 div from center screen. 

COUPLING (INPUT) 

The channel 1 and channel 2 coupling (AC-GND-DC) keys allow a choice of input 
coupling methods. The type of display desired and the applied signal will determine 
the coupling to use. 

AC — This key illuminates when selected. With AC coupling the DC component of 
the applied signal is blocked by a capacitor in the input circuit. AC coupling provides 
the best display of signals with a DC component larger than the AC components 
above 30 Hz. 

DC— This key illuminates when DC coupling is selected, DC coupling must be used 
to display the DC component of a signal. It must also be used to display AC signals 
below about 30 hertz (10 hertz with a lOX probe) and square waves with low- 
frequency components as these signals are attenuated with AC coupling, 

GND — This key illuminates when GND coupling is selected. Ground coupling 
provides a ground reference at the input of the 7D20 without externally grounding 
the input connectors. The signals connected to the inputs are not grounded, and the 
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same DC load is presented to the signal source. Use GND coupling to determine 
VZR (vertical zero reference) level for the digitizer. When GND coupling is selected, 
the VZR reading updates in the display as the POSITION control is changed. To 
ensure that the VZR setting remains valid the POSITION control must not be moved 
after leaving GND position. This only affects the cursor readings with one cursor on. 

AQR (ACQUIRE) GAIN 

This screwdriver adjustment varies the vertical gain of the signal being acquired 
(before the signal is digitized). To check the gain of either channel, set the 
VOLTS/DtV switch to 10 mV and connect a 40 mV, 1-kHz signal from the 
mainframe calibrator to the input of the channel being checked. Turn on cursor 2 
and position the cursors so that cursor 1 is on the bottom of the waveform and 
cursor 2 is on the top as shown in Figure 2-47. The readout should indicate exactly 
40 mV difference between cursor 1 and cursor 2. If not, adjust the CURSOR GAIN 
control till this reading is obtained. The 7D20 must not be in HOLD when making 
this adjustment. You may find it helpful to use the AVE mode when making this 
adjustment since this will average out any noise that might be present on the input 
signal. 




Figure 2-47. Cursor placement for AQR GAIN adjustment. 



CH2 INV 

The Channel 2 INV key is used to electrically invert signals acquired through the 
channel 2 input connector. This function is selected by pressing the CH2 INV key. 
The key will illuminate and a down arrow " ♦ " will appear In the readout (see Fig. 2- 
48) as indications that the waveform being acquired through channel 2 is being 
inverted. When the invert function is not selected, the signal acquired through 
channel 2 will have the same polarity as the applied signal and a positive dc voltage 
will cause the displayed signal to move up in the display. When the invert function 
is selected a positive-going waveform at the channel 2 input will be acquired and 
displayed in inverted form and a positive dc voltage will move the displayed 
waveform down. The invert function is particularly useful in "added" operation 
when differential measurements are being made. 
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Figure 2-48. CH 2 INVert readout. 



ACQUIRE MODE 

These four keys select the vertical acquisition mode by which your 7D20 acquires 
signal information. These keys illuminate when pressed to indicate the mode 
selected. Only one mode selection can be active at a time so the selection of any 
one of the AQR MOOEs will cancel any AQR MODE previously selected. 

CHI ^>1 

When selected, this mode enables your 7D20 to digitize the signal present at the CH 1 
input connector into waveform memory 1. The selection of this mode automatically 
cancels a previously selected AQR MODE, the CSW is set to 1 (only if CSW was CH 2} 
and CH 2 display is off. 

BOTH 

When this key is pressed your 7D20 is enabled to digitize signal information 
simultaneously, with full bandwidth, record length, and sample rate from both 
channels 1 and 2 inputs. Channel 1 signals are digitized into waveform memory 1 
and Channel 2 signals are digitized into waveform memory 2 The selection of this 
mode automatically cancels a previously selected AQR MODE, and memories 1 and 
2 are turned on. 

ADD i^>1 

This mode enables your 7D20 to acquire the signals connected to both channel 1 
and 2 inputs added together. This added waveform is digitized and stored in 
waveform memory 1. The added waveform is shown in the mainframe display. 
Channel 2 waveform can be inverted for differential mode. Selection of this mode 
also cancels any previously selected AQR MODE. The CSW is set to 1 (only if CSW 
was CH 2) and the CH 2 display is off. 
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CH2 02 

If selected while the 7D20 is actively digitizing (not in HOLD), this mode causes your 
7D20 to digitize the signal present at the CH2 input connector into waveform 
memory 2 The selection of this mode automatically cancels a previously selected 
AQR MODE. The CSW is set to 2 (only if CSW was CH 1) and CH 1 is off. 



HOLD 



When this key is pressed the digitizing process is instantly terminated and the 
contents of both waveform memories 1 and 2 are simultaneously held unchanged. 
The display appears to freeze motion during HOLD because the waveform memory 
is not being updated with new data. The HOLD function is terminated by pressing 
the HOLD key a second time or by pressing AVE N. ENV, ENV ISi, and HOLD NEXT 
(the light will go out). 



/ (shift function) 



Certain keys have shift functions that are labeled with orange markings. These 
functions are selected by first pressing the f key. When pressed, the f key blinks 
to indicate that a shift function can be selected. Once the shift function is selected 
the / key light will go out and the selected function will be implemented. 

If the f key is pressed and you then press a key that has no shift function, the f 
key will cancel (the light will go out) and the selected function will be implemented. 
The f key function can also be cancelled by pressing the blinking f key. The light 
will go out, indicating that the function is no longer active. 



TIME/DIV 



The TIME/DIV control establishes the digitizing rale and digitizing mode (see Table 
2-3) of the 7D20. The TIME/DIV setting appears in the upper right corner of the 
display as shown in Figure 2-49. The TIME/DIV setting can be adjusted, in a 1, 2, 5 
sequence from 20 seconds to 50 nanoseconds. When the TIME/DIV control is 
rotated counterclockwise past 20 seconds/div, the 7D20 is set for EXTerna! 
CLOCKing, and EXT ♦ or EXT t will appear in the display in place of the TIME/DIV 
readout as shown in Figure 2-50 Further rotation of the TIME/DIV control past EXT 
in the counterclockwise direction, or past 50 nanoseconds/division in the clockwise 
direction will have no effect on the TIME/DIV setting. 

DIGITIZING MODES 

The 7D20 uses four digitizing modes that are automatically determined by the 
TIME/DIV setting. Different digital sampling techniques are used in each digitizing 
mode to optimize the 7D20 performance capabilities depending upon the range of 
the TIME/DIV setting. The Roll. Real-Time, and Extended Real-Time modes 
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TABLE 2-3 

7020 DIGITIZING MOOES 



DIGITIZING 

MODE 

TIME/DIV 


Number of 
points per 
waveform 


Number of 
triggers required 
for full waveform 


Number of points 
sampled per 
single trigger 


EQUIVALENT TIME 
1 /is — 50 ns 


1024 


Multiple 


50 ns 1 0 points 
1 00 ns “ 20 points 
200 ns =“ 40 points 
500 ns “ 100 points 
1 jjs “ 200 points 


EXTENDED 
REAL TIME 
200 /js 


820 


1 


820 

1 

1 


REALTIME 
50 ms — 500 /US 


1024 


1 

1 


1024 


ROLL, EXT CLK 
20 s — 100 ms 


1024 


r 


1024 



*Not required except to terminate HOLD NEXT. 



sequentiallv digitize incoming waveform signals. In these digitizing modes a single 
trigger will produce a full memory of waveform data points in the HOLD NEXT mode. 
The Equivalent Time digitizing mode uses random sampling techniques to digitize 
higher frequency signals. Consequently, the Equivalent Time digitizing mode 
requires repetitive triggers to build a complete waveform in waveform memory, 
Table 2-3 gives the TIME/DIV range for each of these digitizing modes and the 




Figure 2-49. TIME/OIV readout. 
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Figure 2-50. EXTemal clock readout. 

number of waveform data points acquired for each for single trigger events. Refer to 
the Operational Theory, Section 3 for a more detailed discussion of the 7D20 
digitizing modes. 

Extended Real-Time Digitizing (ERD) 

In the ERD mode, in order to extend the real-time digitizing capability of the 7D20, 
the resolution is set to 80 points/division and digitizing is accomplished by 
interlaced differential sampling. (This is described more fully in Operational Theory, 



TABLE 2-4 

Digitizing Mode Bandwidth 



Digitizing Mode 



ROLL 



Bandwidth 
(-3 dB) 



70 MHz 



Nyquist Frequency 



REAL-TIME 



EXTENDED REAL TIME: 
TIME/DIV 
200 /is 
100 A/s 
50 fjs 

20 ^JS 
10 A/s 
5 ATS 
2 A/S 



EQUIVALENT TIME 



70 MHz 



100 kHz 
200 kHz 
400 kHz 

1 MHz 

2 MHz 
4 MHz 

10 MHz 



70 MHz 



•Nyquist frequency 



1 00 points/ div _ SO 

(2)(time/div) TIME/DIV 



200 kHz 
400 kHz 
800 kHz 
2 MHz 
4 MHz 
8 MHz 
20 MHz 
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Section 3.) The resultant effect on bandwidth is shown in Table 2-4, It is important 
to note that in all digitizers, digitized signal frequencies which exceed the Nyquist 
limits will be aliased. The Nvquist frequencies for each digitizing mode are indicated 
in Table 2-4. 



TRIGGERING 



The triggering features of the 7D20 are functionally grouped into three categories; 
SOURCE. COUPLING, and MODE. The associated triggering keys are arranged in a 
sequence which places the most-often used selections at the top of each column of 
keys. With this arrangement, stable acquisition and display can usually be obtained 
by pressing the top keys: P-P. AC, and MODE. When an adequate trigger signal is 
applied and the LEVEL control is correctly set, triggered acquisition is indicated by 
an illuminated TRIG'D indicator. If the TRIG'D light is not on, the trigger signal 
amplitude is inadequate, or its frequency is below the lower frequency limit of the 
AC coupling, or the 7D20 may be in HOLD. If proper acquisition is not obtained with 
these keys, other selections must be made. 

In the ROLL digitizing mode the TRIG'D light does not illuminate because triggering 
is not used. An exception to this is when HOLD NEXT is used in the ROLL mode. 
Refer to the discussion of the HOLD NEXT function later in this section. The 
following discussions explain the triggering functions and how they are used. 

SOURCE 

Keys in this column select the source of the trigger signal. The keys illuminate when 
selected. 

MODE— The MODE key causes the trigger source to be determined by the AQR 
MODE selection. If the AQR MODE is channel 1. then the trigger source is also 
channel 1. If the AQR MODE is set for channel 2. then the trigger source will 
automatically set to channel 2. If the selected AQR MODE is ADD or BOTH the 
trigger source is forced to be channel 1. When MODE triggering is selected the 
appropriate CH1 or CH2 key will also illuminate. SOURCE MODE will cancel if 
another selection; CHI, CH2, LINE, or EXT (- 10 ) is made. 

CHI— This key permits you to select the channel 1 input for the trigger source. The 
key illuminates when selected and causes the trigger signal to be obtained from the 
signal applied to the channel 1 input. This provides a stable display of the signal 
applied to the channel 1 input. 

CH2— This key permits you to select the channel 2 input for the trigger source. The 
key illuminates when selected and causes the trigger signal to be obtained from the 
signal applied to the channel 2 input. This provides a stable display of the signal 
applied to the channel 2 input. 

LINE— Selection of LINE SOURCE connects a sample of the power-line voltage 
from the host mainframe to the trigger circuit. Line triggering is useful when the 
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input signal is time-related (multiple or submultiple) to the line frequency. It is also 
useful for providing a stable display of a line-frequency component in a complex 
waveform. The key illuminates when this function is selected. 

EXT — Selection of this TRIGGERING SOURCE connects the signal from the EXT 
TRIG connector to the trigger circuit. However, the externa! signal must be lime- 
related to the displayed waveform for a stable display. An external trigger signal can 
be used to provide a triggered display when the internal signal is either too low In 
amplitude for correct triggering or contains signal components on which triggering 
is not desired. It is also useful when signal tracing in amplifiers, phase-shift 
networks, wave-shaping circuits, etc. The signal from a single point in a circuit can 
be connected to the EXT TRIG connector through a probe or cable. This way 
acquisition is always triggered by the same signal which permits amplitude, time 
relationship, or waveshape changes of signals at various points in a circuit to be 
examined without resetting the triggering controls 

/ EXT^IO— The EXT+10 function attenuates the external trigger signal by a factor 
of 1 0. Attenuation of high amplitude external trigger signals is desirable to increase 
the effective range of the LEVEL control. This function is selected after first pressing 
the / key, then the EXT-i-10- 



COUPLING 

The triggering COUPLING keys select tfie way the trigger signal is connected to the 
trigger circuits. Each key permits selection or rejection of some frequency 
components of the trigger signal and each illuminates when selected. These 
coupling choices are discussed in the following paragraphs. 

AC— AC coupling blocks the dc component of the trigger signal Signals with low- 
frequency components below about 40 hertz (nominally -3 dB) are also attenuated. 
In general, AC coupling can be used for most applications. If, however, the signal 
contains unwanted frequency components or if acquisition is to be triggered at a low 
repetition rate or dc level, one of the other coupling choices will provide a belter 
display. 

LF REJ —This key is used with AC coupling to reject dc, and attenuate low- 
frequency trigger signals below about 40 kilohertz. Acquisition is, therefore, 
triggered by the higher-frequency components of the trigger signal. Low frequency 
rejection coupling is particularly useful for providing stable triggering when the 
trigger signal contains tine-frequency components. Selecting LF REJ automatically 
selects AC coupling and illuminates the AC coupling key. 

HF REJ— High frequency reject coupling rejects high-frequency signals above 
about 40 kilohertz. This can be selected with either AC or DC coupling. 

DC— DC coupling is used to provide stable triggering from tow-frequency signals. 
DC coupling can be used to trigger acquisition when the trigger signal reaches a dc 
level set by the LEVEL control. 
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MODE 

Keys in this column select the TRIGGERING MODE. The P-P mode is used for most 
applications because of the ease of obtaining triggered aquisition of waveforms. The 
AUTO, NORM, and HOLD NEXT modes are used for special situations and 
applications. The triggering mode functions are discussed in the following 
paragraphs. 

NORM — This key selects the NORMal mode of triggering. Whenever an adequate 
trigger signal is applied and the LEVEL control is correctly set, the NORMal mode 
will provide triggered signal acquisition. When the trigger signal is not adequate or 
the LEVEL control is not properly set. acquisition is halted (TRIG'D light off). Even 
though acquisition is halted, contents of the waveform memory continue to be 
displayed. It is important to understand that when this happens, the displayed 
waveform memory contents are from the last triggered acquisition. Consequently, 
the signal currently being input is not the signal being displayed. The TRIG'D light is 
the best indication of this condition since it will not be illuminated. A new trigger 
will initiate a new acquire cycle which will update the wavefrom memory and 
illuminate the TRIG'D light. This triggering mode must be used to acquire signals 
with repetition rates below about 30 hertz. 

AUTO —This key selects the AUTO triggering mode. AUTO triggering provides 
triggered signal acquisition when the LEVEL control is correctly set and when an 
adequate trigger signal is applied. The TRIG'D light indicates when signal 
acquisition is triggered. 

The AUTO triggering mode is similiar to the NORMal mode except that loss or lack 
of an adequate trigger signal or an incorrect LEVEL control setting will not halt 
signal acquisition and the updating of waveform memory. In other words, what 
would appear as a HOLD condition {inadequate trigger signal) in the NORMal 
triggering mode appears as free-run acquisition in the AUTO mode. When this 
happens, the free-run condition is visible in the mainframe display but the display 
doesn't appear stable because the trigger doesn't relate to the input waveform. An 
adequate trigger signal ends the free-running condition. A free-running condition 
can be useful when it is desired to measure only the peak-to-peak amplitude of a 
signal without observing the waveshape (such as bandwidth measurements). 

P-P — This key selects peak-to-peak automatic triggering. This mode is the same as 
the AUTO TRIGGERING MODE except the range of the LEVEL control is restricted to 
within the peak-to-peak value of the trigger signal. This is the most frequently used 
triggering mode since it provides triggered acquisition for almost any setting of the 
LEVEL control whenever an adequate trigger signal is applied. The 7D20 internally 
ac couples the signal in this mode. High frequency and low frequency may still be 
selected. 

The range of the LEVEL control in the P-P mode is between approximately 20% and 
80% of the peak-to-peak amplitude of the trigger signal. The LEVEL control can be 
set so that the displayed waveform starts at any point within this range on either 
slope. The SLOPE control is discussed later in this section. The trigger circuits 
automatically compensate for a change in trigger signal amplitude. Therefore, if the 
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LEVEL control is set to start waveform acquisition at a certain percentage level on 
the leading edge of a (ow-amplitude signal, it triggers at the same percentage level 
on the leading edge of a high-amplitude signal if the LEVEL control is not changed. 
In this mode an inadequate trigger signal results in free-running acquisition just the 
same as described above for the AUTO triggering mode. When an adequate trigger 
signal is again applied, the free-run condition ends and triggered acquisition 
resumes. The P-P mode is particularly useful when observing a series of 
waveforms, since it is not necessary to reset the LEVEL control for each acquisition. 
However, P-P triggering is sometimes ineffective on low repetitive rate signals such 
as may be encountered in ROLL modes so NORMal triggering should be used. 

HOLD NEXT— The HOLD NEXT feature of the 7D20 allows you to capture and 
digitize single occurring events. The function is activated by pressing the HOLD 
NEXT key, which illuminates to indicate that the circuits are enabled to accept a 
trigger. Generally, once enabled, the 7D20 accepts the next occurring trigger event, 
digitizes a full memory of waveform data, then enters HOLD. However, operation of 
the HOLD NEXT function varies somewhat with the different digitizing modes as 
explained in the paragraphs that follow. 

In the roll digitizing mode (20 S/div to 100 ms/div and EXT CLOCK) a hold-off 
period occurs when HOLD NEXT is activated, which allows the timing circuits to be 
enabled. During the hold-off interval a screen full of waveform data will roll past 
before a trigger will be accepted. Once the trigger event is accepted, the TRIG'D 
light comes on and stays lighted until the acquisition is complete and HOLD is 
entered. When HOLD is entered is determined by the TRIG POSition. If the TRIG 
POS is set for 0 a full 10-divisions of waveform will roll across the display before 
HOLD Is entered. The entire waveform will then be post-trigger. Setting the TRIG 
POS at 5 wit! give 5 divisions of pre-trigger so when the trigger event occurs, only 5 
divisions of waveform data will roll across the screen before HOLD is entered. 

When the 7D20 is in the real time {50 ms/div to 500 ^s/div) or extended real time 
(200 /js/div to 2 /;s/div) digitizing modes and HOLD NEXT is active (the HOLD NEXT 
key illuminated); the 7D20 will accept the next trigger event, (the TRIG'D light 
illuminates when this occurs), digitize a full memory of waveform data, then 
automatically enter HOLD. When HOLD is entered, the HOLD NEXT key light 
extinguishes and the HOLD key illuminates. 

In the equivalent time digitizing mode {1 /;s/div to 50 ns/div) repetitive triggers are 
required to build a complete representation of the waveform. The HOLD NEXT 
feature allows for this by accepting multiple triggers till enough waveform data 
points are accumulated to build a complete waveform, at which time HOLD is 
entered. The TRIG’D light stays illuminated (unless repetition rate is slow) during 
the accumulation interval and turns off when the process is complete (when HOLD 
is entered). Table 2-5 gives the number of triggers required to build a waveform for 
the different TIME/DIV settings in the equivalent time digitizing range. 

When HOLD NEXT is activated over the GPIB, the 7D20 issues a service request 
(SRQ) when HOLD is entered. This provides notice to the controller that a HOLD 
NEXT acquisition has been completed. Refer to Section 4, GPIB for more 
information. 
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TABLE 2-5 

Equivalent Time Digitizing Mode Trigger Requirements 



TIME/DIV 


Number of 
points per trigger 


MINIMUM 
triggers to 
build a waveform 


Average number 
of triggers to 
build a waveform 


1 us 


204/205 


5 


11 


500 ns 


102/103 


10 


29 


200 ns 


40/41 


25 


95 


100 ns 


20/21 


50 


224 


50 ns 


10/11 


100 


516 



When using the HOLD NEXT function it is very important to check that the trigger 
LEVEL is adjusted so the trigger will be accepted. Otherwise, you may miss the 
event you want to capture. 



+SLOPE 

This key illuminates when selected and causes the trigger circuit to respond to the 
positive-going portion of the trigger signal. Conversely, when the key is not 
illuminated the trigger circuits respond to the negative- going portion of the trigger 
signal (see Fig, 2-51}, When several cycles of a signal appear in the display, the 
setting of this switch is often unimportant. However, if only a certain portion of a 
cycle is to be acquired and displayed, correct SLOPE selection is necessary to 
ensure that acquisition begins on the desired slope of the input signal. 




Figure 2-51. Triggering on negative slope 
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TRIG'D 



This indicator light illuminates when signal acquisition is triggered. In the ROLL 
digitizing mode triggers are not required so the TRIG'D light doesn't illuminate 
except when the HOLD NEXT function is active frefer to the discussion of the HOLD 
NEXT mode) In the absence of a trigger event the digitizer ceases to update and the 
last triggered acquisition is displayed. If the trigger light is on but the display is 
unstable, this usually indicates an aliasing condition. Turn the TIME/DIV control 
clockwise until a stable display is obtained. Refer to the Operational Theory, Section 
3 for a discussion of aliasing. 



LEVEL 



The LEVEL control adjusts the voltage level on the trigger signal at which triggering 
occurs. When the LEVEL control is set in the clockwise direction, the trigger circuit 
responds at a more positive point on the trigger signal. When the LEVEL control is 
set in the counterclockwise direction, the trigger circuit responds at a more negative 
point on the trigger signal 

The LEVEL control range is approximately ±6.4 divisions in the AUTO and NORM 
TRIGGERING MODEs. Refer to TRIGGERING MODE in this section for level range 
information in the P-P MODE. 

To set the LEVEL control, first select the triggering MODE. COUPLING, SOURCE, 
and +SLOPE. Turn the LEVEL control fully counterclockwise then, rotate it clockwise 
until the display of the acquired signal begins at the desired point 



OTRIG POS^ 



The TRIG POS {trigger position) slewing keys allow you to increment or 
decrements the trigger position by whole divisions from its zero position on the left 
vertical graticule line. The trigger position appears in the upper right corner of the 
display as shown in Figure 2-52. A full 10-divisions of pre-trigger can be displayed 
by moving tlie trigger position fully to the right of its zero position. In the opposite 
direction, tfie trigger position can be moved to the left of zero to achieve up to 1 500 
divisions of post trigger. When a TRIG POS key is pressed and held, the trigger 
position automatically stops incrementing or decrementing when its limit is 
reached. Likewise, when moving it back toward zero by pressing and holding the 
appropriate key, the trigger position automatically stops at zero. Trigger position 0 
on the graticule includes several points of pretrigger data prior to the graticule line. 
In the extended real-time mode 10 pretrigger points are shown, and in the digitizing 
modes, 12 points of pretrigger are displayed 
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HORIZ POSITION 



This control adjusts the horizontal position of all the waveforms. The HORlZontal 
POSITION control has a calibrated detent at the clockwise end of rotation. This 
ensures that the TRIGger POSitions are lined up with the graticule lines as 
indicated in the readout. The range of the HORIZ POSITION control is plus or minus 
about 2 divisions. 



VECTOR 



Acquired waveforms are stored in waveform memory as data points. These data 
points are displayed as a series of dots that represent the digitized waveform data 
points. As these dots become separated vertically it sometimes becomes difficult to 
determine which dot follows which. The VECTOR function, when selected connects 
time adjacent dots and the key illuminates. This allows you to better determine their 
time relationships. The VECTORS are designed such that you can still easily discern 
the waveform data points because they appear intensified with the VECTORS on. 
VECTORS are particularly useful when viewing waveforms in the ENVelope mode. 



MEMORY DISPLAY 

MEMORY DISPLAY keys 1 through 6 control the display of the 7D20 waveform 
memories. Six memory registers in the 7D20 are dedicated to the storage of 
waveform data. Each waveform memory register is functionally divided into three 
segments. One segment stores the waveform data points. A second segment of the 
waveform memory stores the original conditions under which the waveform data 
was acquired, such as the vertical sensitivity and the time/division, A third segment 
of the waveform memory stores information concerning the "display conditions" for 




Figure 2-52. Trigger POSition readout. 
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the waveform such as the vertical position (up or down), vertical expansion or 
compression, versus, cursor position and horizontal magnification. The contents of 
any waveform memory can be displayed by pressing its corresponding (1 through 6) 
MEMORY DISPLAY key. When pressed, the numbered MEMORY DISPLAY keys 
illuminate to indicate that the memory is being displayed and the respective 
waveform memory number appears in the upper left corner of the display in the 
DSW (Display Waveform) list as shown in Figure 2-53. Pressing the key a second 
time will extinguish the light and clear the waveform from the display. However, 
this is not true of the cursor waveform which cannot be turned off. The numbered 
MEMORY DISPLAY keys also have a second function. They are used for making 
selections from the MENU, discussed earlier in this section. 




Figure 2-53. OSW (displayed waveforms) readout. 



COPY 

This key permits you to copy a waveform from one memory to another. When a 
waveform is copied from one waveform memory to another, all the associated 
acquire conditions and display conditions are copied loo. To do this, press the COPY 
key: the COPY key will start blinking and a prompt will appear in the display. The 
prompt (shown in Fig. 2-54) will read “COPY H-^tT with the first number sign 
blinking. Next, press the numbered MEMORY DISPLAY key corresponding to the 
memory you wish to copy. The MEMORY DISPLAY key will illuminate, the contents 
of the associated memory will be displayed, and the prompt will show the number of 
the waveform you are copying in place of the blinking number sign. The second 
number sign will now blink. Next, press the numbered (1-6) MEMORY DISPLAY key 
where you wish to copy the waveform. At this point, the waveform will have been 
copied into the chosen waveform memory and the COPY key will cease blinking and 
stay off. The prompt will now show the number of the waveform memory into which 
you just copied the selected waveform in place of the blinking, second number sign. 
Press any other key and the copy prompt will disappear from the display. A copied 
waveform will not be displayed unless the memory it was copied into was being 
displayed before the copy was made. 
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3857-157 



Figure 2-54. 7D20 COPY prompt. 



It should also be noted that when a waveform is copied into a waveform memory, 
any information previously stored in that memory will be cleared and consequently 
lost. 

csw 

The CSW (Cursor Waveform) select key allows you to select any one of the six 
waveform memories as the cursor waveform. When pressed, the CSW key will 
begin to blink and the previous cursor waveform number in the CSW prompt will be 
replaced with a blinking # sign. You can then select the desired cursor waveform by 
pressing the appropriate MEMORY DISPLAY key. This instantly results in the display 
of the new cursor waveform and its associated display information. The CSW 
prompt will reflect the newly selected CSW number and will disappear from the 
display when another key is pressed. 

/ CSW REF 

When viewing a waveform in the HMAG or VS modes, this function allows you to 
also view the waveform as it was previous to the HMAG or VS mode as a reference. 
The REF function can only be used when the 7D20 is in the HMAG or VS modes 
and cannot otherwise be selected. Refer to the discussion of HMAG and VS later in 
this section. 

As a shift function of the CSW key. the REF key is activated after first pressing the 
f key. Once selected, the REF key will illuminate and the reference waveform will 
be displayed and an R will appear in the DSW readout as shown in Figure 2-55. 
Cursors on the displayed reference waveform will be positioned on the exact same 
data points as on the displayed HMAG or VS waveform. And. any movement of the 
cursors will occur on both waveforms. 

Termination of the HMAG or VS mode will extinguish the REF key illumination, 
however, the REF state is retained in memory and will be enabled if the HMAG or 
VS mode is entered again. The REF state can be terminated by pressing the f key 
then pressing the REF key. This also extinguishes the REF key illumination. 
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Figure 2-55. DSW readout with R (Reference) Waveform displayed. 



CURSOR WFM 



The CURSOR WFM keys allow you to manipulate the cursor waveform in a variety 
of ways. Keep in mind that each waveform memory has associated with it three 
separate memory segments; one for waveform data, a second for acquire 
conditions, and a third for display conditions. Use of these keys affect only the 
display condition segment of the waveform memory and will not in any way affect 
the waveform data nor the original acquire conditions which remain stored, 
unchanged in waveform memory. Using the CURSOR WFM keys, you can vertically 
reposition, expand, or compress the cursor waveform. Using these keys you can also 
magnify the cursor waveform horirontally or display it "versus " another waveform 
or itself. These keys are operational on the cursor waveform only. Waveforms 3 
through 6 are always in a hold condition. These keys may also set the cursor 
waveform display to be used as the REFerence waveform independently of the 
HMAG or VS cursor waveform display when the cursor waveform is in HOLD. 

The use of these keys is described in the following paragraphs. 

VRUPO AND VPDNO (Vertical Position Up and Vertical 
Position Down) 

These slewing keys, when in HOLD, allow you to nx)ve the cursor waveform 
vertically about the acquired vertical zero reference, A single press of a key moves 
the waveform one vertical display resolution increment (0.04 division). If you press 
and hold the key, continuous movement of the cursor waveform will result. 
Movement stops when the maximum of about 5 divisions (in either direction) from 
the acquired zero level is reached. 

Movement of the cursor waveform display, either up or down with respect to its 
original display position will result in the illumination of the appropriate (up or 
down) key. Press and hold the non-illuminated, opposing key to return the cursor 
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waveform to its original display position. Waveform movement will automatically 
Slop at its original display position, at which time neither key will be illuminated. To 
continue waveform movement past its original position, release the movement key 
momentarily, then press and hold it again. The position of the cursor waveform GND 
(plus or minus) with respect to center screen is shown in the VZR display (see Fig. 
2-56). Maximum movement in either direction is approximately 5 divisions (further 
if expanded). When the REFerence waveform is present (which means the cursor 
waveform must be in HMAG or VS mode) these keys allow separation control 
between the cursor waveform and its reference. These keys operate in this mode 
even if the 7D20 is not in HOLD. 




Figure 2-56. Cursor waveform with VZR (Vertical Zero Reference) altered by VPUPO. 



VCMP§ AND VXPDS (Vertical Compress and Expand) 

With these keys you can vertically compress or expand the cursor waveform about 
the center of the acquisition window. The cursor waveform can be expanded or 
compressed, two increments (in a 1,2,5 sequence) from its original acquired vertical 
scale factor. 

When the cursor waveform is expanded or compressed, the respective VXPD^ or 
VCMP§ key illuminates and the change in vertical scale factor will appear in the 
display in the second from the bottom line labeled CSW. Because these keys have 
opposing action, the opposite key is used to return the cursor waveform to its 
original acquired vertical scale factor. At which time, neither key will be illuminated. 

Waveforms being digitized cannot be vertically compressed or expanded and are not 
affected by these keys except when HMAG or VS modes are selected and the REF 
waveform is displayed. An attempt to do this results in the display of the warning 
message “HOLD REQD". Refer to prompts and warnings discussion given earlier in 
this section. VXPO^ occurs about crt center whereas VCMP^ occurs about VZR 
(Vertical Zero Reference). This feature allows the user to position the expanded 
waveform anywhere within the graticule area. 
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HMAG (Horizontal Magnify) 

The cursor waveform can be magnified (expanded) horizontally from its acquired 
state by a factor of 10 times. In other words a 100 points/division waveform is 
displayed at 10 points/division as shown in Figure 2-57. By using the cursors as 
described later under cursors and magnified waveforms, any portion of the 
magnified cursor waveform can be positioned within the viewing area of the display. 
It is often helpful to view the REF (unmagnified) waveform (also shown in Fig. 2-57) 
at the same time. Since the cursors appear on exactly the same data points on both 
versions of the waveform. 

The HMAG key illuminates when the function is active. Press the key to select. 
Press again to terminate— the light will extinguish. The HMAG function will also 
terminate if the VS mode is selected. 
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Figure 2-57. HMAG Waveform displayed with its reference waveform. 

/. HMAG ALL 

This function causes ail displayed waveforms to be horizontally magnified 10 times. 
This is a shift function of the HMAG key. As such, the f key must be pressed and 
illuminated and the HMAG key blinking, before this function can be selected. When 
the ALL function is active and the HMAG key is pressed without first pressing the / 
key, only the cursor waveform will be unmagnified. Since the cursor waveform is 
not magnified the HMAG key light will extinguish. Press the key again (without first 
pressing the f key) and the cursor waveform will again be displayed magnified and 
the HMAG key will again illuminate. To cancel the ALL function, press the j key 
first, then press the ALL key. The cursor waveform will also cease to be magnified if 
the VS mode is selected. 

VS 

This key allows you to display the cursor waveform versus another waveform (or 
versus itself) rather than versus time. When the function is active, the 7D20 
displays the cursor waveform on the Y-axis (vertical) versus the selected waveform 
on the X-axis (horizontal). 
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To select the VS function, first press the VS key. The VS key will illuminate and the 
prompt "CSW X VS ff" will appear in the display as shown in Figure 2-58. The X in 
the prompt will be the number of the cursor waveform and the U will be blinking. 
Next, press the number of the selected waveform. The cursor waveform will be 
displayed vs the selected waveform, and the CSW information at the bottom of the 
display will indicate that the cursor waveform is being displayed VS the selected 
waveform (see Fig. 2-59). The cursor waveform information at the bottom of the 
display will change to indicate the volts/div of the two waveforms. Refer to the 
discussion of the display earlier in this section. 
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Figure 2-58. Cursor Waveform VS (Versus) prompt. 




Figure 2-59. CSW versus readout. 
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CURSORS 

Each waveform memory has associated with it two cursors where one or both may 
be displayed when the waveform is selected as the cursor waveform. The cursors 
appear in the display as intensified dots that coincide with waveform data points. 
When in HMAG or VS modes and with the REFerence waveform displayed, cursors 
appear on the same data points on both versions of the waveform. 

At power-up, when the ALIGN mode is selected, cursors for all waveforms are 
aligned with those of the cursor waveform. And. consequently, any movement of 
the cursors on the cursor waveform will cause identical movement of the cursors on 
all other waveforms. Of course, only the cursors on the CSW are visible, 
Independent movement of the cursors is made possible by selecting the 
INDEPendent mode as explained later. 

Cursors are moved by use of the slewing keys <Ji1, 1<> , <32, and 20. The arrows 
indicate the direction of cursor movement. A single press of a cursor movement key 
will cause the associated cursor to move to the next adjacent data point on the 
waveform. Continuous movement of the cursor will result if the key is pressed and 
held The following rules apply to the cursors and their use: 

• Cursor 1 is always on. 

• Cursor 1 can be moved to any cursor waveform data point, 

• Cursor 1 is always coincident with or closer to the beginning of the waveform 
than cursor 2, 

• Cursor 1 pushes cursor 2 when the two are coincident and cursor 1 is moved 
toward the end of the waveform. 

• Cursor 2 movement is halted when it becomes coincident with cursor 1 as you 
attempt to move cursor 2 toward the beginning of the waveform. 

NOTE 

II cursor 2 is sufficiently separated from cursor 1. it may not appear on 
the magnified portion of a waveform in the HMAG mode This can be 
more easily observed if the REFerence waveform is turned on. 

CURSOR COORDINATES 

The kind of cursor coordinate information displayed on the crt depends on whether 
cursor 1 is on by itself or if cursor 2 is on also. When cursor 2 is off, the displayed 
cursor coordinates give both the vertical position and the horizontal time value of 
the waveform data point where cursor 1 is located as seen in Figure 2-60. The 
vertical position is given in volts with respect to the VZR (vertical zero reference) 
value. The horizontal time value is given with respect to the trigger position. This is 
also true whenever tfie REF waveform is displayed. In the VS mode (without the 
REF waveform), the display gives only the vertical coordinates of the cursors on 
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waveforms as shown in Figure 2-61. Again, these coordinates are given in volts 
relative to the respective vertical zero reference values of the two waveforms. 





Figure 2-61. Cursor coordirtate readout with VS Waveform displayed. 



In the AON cursor mode, cursor 2 is turned on. The display gives the vertical value 
of cursor 2 relative to cursor 1 and the horizontal lime value of cursor 2 relative to 
cursor 1 as shown in Figure 2-62. When the VS mode is selected, the display gives 
the vertical value of cursor 2 relative to cursor 1 for both X and Y waveforms. 

CURSORS AND MAGNIFIED WAVEFORMS 

When viewing an unmagnified cursor waveform, the entire length of the waveform 
is visible within the display area and cursor 1 can be moved to any data point on the 
waveform. However, when HMAG is selected only part of The waveform remains 
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Figure 2-62. Cursor coordmats readout when both cursors are on {.:0N). 

visible. So as to still be able to examine the entire magnified waveform, the 
following occurs: As cursor 1 is moved toward the end of the waveform, it becomes 
fixed at graticule line 2 (see Fig. 2-63). Then the waveform moves relative to cursor 
1 until the last data point comes into the display area. Cursor 1 then resumes 
movement till it reaches the end of the waveform. Similarly, the reverse Is true 
when cursor 1 is moved back toward tite beginning (left) of the waveform. This can 
be more easily observed if the REF (reference) waveform is displayed at the same 
time since the cursors appear on both the magnified cursor waveform and the REF 
waveform. 




Figure 2-63. Cursor 1 location on HMAG'd Waveform. 



These two slewing keys move cursor 1 in the direction indicated by the arrows. 
Pressing either of the keys once will cause cursor 1 to move to the next data point in 
the direction indicated. Continuous movement of cursor 1 results when a cursor 
movement key is pressed and held. When the last data point is reached, in either 
direction, cursor 1 will come to a halt. 
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<>2d> 

These two slewing keys move cursor 2 in the direction indicated by the arrows. 
Pressing either of the keys once will cause cursor 2 to move to the next data point in 
the direction indicated. An exception is when cursor 2 is co-incident with cursor 1 
or when cursor 2 is at the end of the waveform (last data point). Continuous 
movement of cursor 2 will result when one of the movement keys is pressed and 
held. Cursor 2 cannot be positioned to the left (toward the beginning of a waveform) 
of cursor 1 nor can it be positioned beyond the last waveform data point. 



AON AOFF 

These keys turn cursor 2 AOFF and AON As shift functions of the cursor 1 
movement keys, you must first press the f key to activate these functions. When 
cursor 2 is turned on, the displayed cursor coordinates will reflect the vertical value 
of cursor 2 relative to cursor 1 and the horizontal time value of cursor 2 relative to 
cursor 1. Each of these functions is cancelled upon the selection of the other. 



INDEPendent 

This is an shift function of the <>2 key. Selection of the INDEPendent mode permits 
you to move the cursors on the cursor waveform without affecting the position of 
the cursors on any other waveforms. Selection of this mode requires that the f key 
be pressed first, the key illuminates when selected. The INDEPendent mode is 
cancelled by selecting the ALIGN mode. 



ALIGN 

This is an shift function of the cursor 2<> key and its selection must be preceded 
with a press of the / key. Selection of the ALIGN mode illuminates the ALIGN key 
and causes the cursors on all waveforms to align with the cursors on the cursor 
waveform. Thereafter, movement of the cursors on the cursor waveform will cause 
identical movement of the cursors on all other waveforms. The ALIGN mode can be 
cancelled by selecting the INDEPendent mode described above. 



SET N 

SET N is used with the AVE N and ENV N modes to AVErage or ENVelope an 
incoming waveform N number of times. With this key, you can set the value of N to: 
8, 1 6, 32, 64, 1 28, or 256. The SET N key illuminates when pressed and "SET N- 
(current value of N)?" appears in the display as shown in Figure 2-64 Press the SET 
N key again and the value of N will increment to the next higher value. If the SET N 
key is pressed and held, the value of N will cycle through the above sequence of 
numbers in the display. Simply release the key when the desired value of N appears 
SET N is terminated by selecting any other key and the value of N is retained. 
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Figure 2-64. SET N readout prompt. 



AVE 

AVEraging is a method of removing noise from a signal and presenting a better 
representation of the actual waveform. 

When the AVE key is pressed it will illuminate and the 7D20 will begin to 
continuously display averaged waveform data. The value of N will adjust the 
responsiveness of the accumulated average to any changes in waveforms acquired 
after the N'" waveform. Each additional waveform is weighted by t/N. After N 
acquisitions the prompt field will indicate that the number of averages is greater 
than N {see Fig, 2-65). 

When AVEraging in the ROLL mode (TIME/OIV set to 100 ms or slower) the 
waveform is sampled at a constant 2 kHz rale (1 kHz at 20 s/div) This allows the 




Figure 2-65. The AVE readout. 
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7D20 to capture and process a number of samples between each pair of displayed 
points. The next point displayed is the average of these "in between" samples. See 
Table 2-6. 



TABLE 2-6 

Number of Points Averaged for 
Each Displayed Point in ROLL Mode 



TIME/DIV 


Digitized Points/Displayed Point 


1 00 ms 


2 


200 ms 


4 


500 ms 


10 


1 s 


20 


2 s 


40 


5 s 


100 


10 s 


200 


20 s 


200 


EXT 


100 



In the ROLL Mode AVEraging is performed In real time, therefore repetitive 
waveforms are not required. AVEraging in the ROLL mode using the EXTernal 
CLOCK input allows 100 samples to be taken between displayed points. 

The AVE function can be cancelled by pressing the AVE key a second time. Or, 
selecting HOLD, HOLD NEXT, AVE N. ENV. or ENV N will also terminate AVE with 
the following results: 

HOLD— Immediately stops signal acquisition, terminates the AVE function and 
extinguishes the AVE key. The display readout will indicate the total number of 
averages accumulated, or greater than N. 

HOLD NEXT (TRIGGERING MODE) — Allows one more triggered acquisition 
then enters HOLD with the same effects as the HOLD key. 

GND — Terminates the AVE function and redefines VZR 

AVE N— Clears the display then executes the AVE N function. 

ENV and ENV N — Both terminate the AVE function, extinguish the AVE key and 
implement the selected function. 

If the VOLTS/DIV, TIME/DIV, or TRIG POS are changed, the AVEraging restarts and 
discards previous information. 
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Algorithm: For 50 ms/div > TIME/DIN/ > 50 ns/div (Not ROLL mode). 

\Nl (m) - 0 For m = 0.1... 1023 
For n = 1 ,2,...N 

Wn (m) = W ^-1 (m)+(Wo (m)-WS-i (m)]/q. 
where q = 2** INT [Log 2 (1.443*n)] 

Wn is the averaged stored waveform after n acquisitions 
Wn is the n'^ acquired waveform 
For n>N 

(m) = W ^-1 (m)+Wn (m)-WS-i (m)/N 



f. AVE N 



This shift function of the AVE key is selected after first pressing the / key. AVE N is 
the same as the AVE function except when N (current setting of SET N) averages 
have been made, the 7020 automatically enters HOLD. Also, when AVE N is 
activated, the readout prompt begins at the current value of N and counts down to 
zero as averages accumulate. V^hen HOLD is entered the prompt will then give the 
total number of averages. Should you enter HOLD before N averages occur, the 
readout prompt will give the total reached- AVE N accumulates complete waveform 
records, therefore Roll operation is suspended for TIME/DIV settings >100 ms. 
When the AVE N function is initiated over the GPI8, the 7D20 issues a service 
request (SRQ) over the bus when HOLD is entered. Refer to Section 4, GPIB. 



ENV 

ENVeloping is a method of constructing a waveform using the minimum and 
maximum values of the sampled data points. ENVeloping makes many waveform 
aberrations visible that might otherwise be overlooked altogether, for example, 
frequency drift. 

Press the ENV key and the 7D20 will begin to display envelope processed data. The 
source of the data is determined by the AQR MODE. An envelope waveform is 
constructed from the appropriate source and displayed following each triggered 
acquisition. The display is updated after each acquisition in a continuous process. 
The number of processed acquisitions is shown in the display (see Fig. 2-66). 
Selecting the ENV function will cause the ENV key to illuminate and, at the same 
time terminates the AVE, AVE ISI, SET N, ENV N. and HOLD functions if either are 
active. 

When ENVeloping in the ROLL mode (TIME/DIV set to 100 ms or slower) the 
waveform is sampled at a constant 2 kHz rate (1 kHz at 20 s/div). This allows the 
capture and processing of a number of samples between each displayed point 
(minimum and maximum). The next two points displayed are the maximum and 
minimum of these "in between" samples. 
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TABLE 1-1 

Number of Poirtts Averaged for Each Max and 
Min Pair of Displayed Points in ROLL Mode 



TIME/DIV 


Digitized Points/Max-Min Pair 


100 ms 


4 


200 ms 


8 


500 ms 


20 


1 s 


40 


2 s 


80 


5 s 


200 


10 s 


400 


20 s 


800 


EXT 


200 



This mode can be used to capture and process a signal pulse width of 500 fjs or 
less. Refer to Section 5, Application 3. Monitoring Intercellular Neuronal Discharge. 

ENVeloping in the ROLL mode using the EXTernal CLOCK input allows 100 samples 
to be taken between displayed points. 

To cancel the ENV function press the key a second time. Or, the ENV function can 
be terminated by pressing the HOLD, HOLD NEXT. GND, or f ENV N keys with the 
following results: 




Figure 2-66. The ENV readout. 
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HOLD— Immediately terminates the ENV function and signal acquisition. The 
number of waveform ENV is displayed in the readout prompt field. 

HOLD NEXT— Same effects as HOLD except termination is delayed until after 
the completion of the next acquisition. 

GNO— Terminates the ENV function and redefines VZR. 

f enV N— Terminates the ENV function, clears the displayed waveform and 
initiates the AVE, AVE N. and ENV function. 

If the VOLTS/DIV, TIME/DIV, or TRIG POS are changed, the ENVeloping restarts 
and previous information is discarded. 

Algorithm: For 100 ms/div > TIME/DIV > 50 ns/div (Not ROLL mode). 

For n = 2 to infinity. 

\N% = Max (W 8-1 (m), Wn (m)] m = 0.2.. . 1022 
\WS = Min {Wn i (m). Wn (m)) m = 1,3.5,. .1023 

where \A/S(m) is the m'^' point of the constructed envelope waveform 
after n acquisitions. 

Wn (m) is the m'^ point of the n''* waveform acquisition. 



/. ENV N 

This shift function of the ENV key is selected after first pressing the / key. ENV N 
operates the same as the ENV mode except when N {the current setting of SET N) 
envelopes are accumulated, the 7D20 automatically enters HOLD. When ENV N is 
activated the readout prompt begins counting at the current value of N and counts 
down to zero. At the zero count, HOLD is automatically entered and the readout 
prompt will indicate the total number of envelopes. 

Should HOLD be initiated before N envelopes occur, the total number reached will 
appear in the readout prompt. ENV N accumulates complete waveform records, 
therefore Roll operation is suspended for TIME/DIV settings >100 ms. When ENV N 
is initiated over the GPIB, the 7D20 issues a service request (SRQ) when HOLD is 
entered. GPIB operating information is contained in Section 4, GPIB. 



f . TEST 



Selects the Test Menus that are used for executing SELFTEST and servicing the 
7D20. Refer to the Maintenance section of the service manual for this information. 
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RQS (REQUEST SERVICE) 

When the 7D20 is on bus in TALK/LISTEN mode, pressing this key will generate an 
SRQ (service request) over the GPIB. The key will illuminate when you do this. A poll 
by the GPIB controller will subsequently extinguish the illuminated key and cancel 
the SRQ. 

A power-up SRQ is generated as part of the power-up sequence when power is 
applied to the 7D20. If the 7D20 is in the GPIB mode and ON LINE, the key will 
extinguish when the 7D20 is polled by the controller. Refer to Section 4, GPIB. 



/ RQS 

Allows selection of 6 unique SRQ event codes when the 7D20 is operating over the 
GPIB. This sends a predetermined status byte. Refer to Section 4, GPIB for 
information concerning GPIB operation. 



REMOTE ONLY (Indicator) 

This indicator light illuminates when the 7020 is in the RWLS (Remote With Lock 
out State). When the light is on, the front panel controls can only be activated or 
changed over the GPIB. All front panel controls are inactive except for the RQS 
functions, the variable VOLTS/OIV, HORIZ POSITION, and ID monitoring of GPIB 
selections. 



ID (ADDRed Indicator) 



The ID key, when pressed, causes the ID menu to appear in the display as shown in 
Figure 2-67. The ID menu is used for manually establishing the MODE 
TERMINATION, and ADDRESS for GPIB operation of the 7D20. The ADDR 
illuminates when the 7D20 has been addressed as a Talker or Listener. Refer to 
Section 4, GPIB, for further information. 

NOTE 

The firmware version displayed in these illustrations may differ from 
those displayed for your 7D20. and are shown for positional reference 
only. 
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Figure 2-67. lO MENU. 



EXT CLOCK 



This bnc connector permits the connection of an external clock signal to the 7D20. 
The 7D20 can accept a maximum clock rate of 10 kHz. In order for the EXT CLOCK 
connector to be functional, the TIME/DIV switch must be set to the EXT position by 
turning it counterclockwise until the readout indicates EXT ♦ or EXT f in the upper 
right corner of the display (see Fig. 2-68). The arrow indicates the EXT CLOCK edge 
polarity. Clock edge polarity is selected via item 4 on the UTILITIES menu. Press 
MEMORY DISPLAY key 4 when the UTILITIES menu is displayed and the EXT CLK 
prompt will appear in the display. Press MEMORY DISPLAY key number 4 a second 
time and the arrow (indicating the EXTernal CLOCK polarity) will reverse direction. 
The indicator arrow will continue to reverse each time the number 4 MEMORY 
DISPLAY key is pressed so long as the UTILITIES menu is displayed. 




Figure 2-68. EXTernal clock readout. 
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EXT TRIG 



This bnc connector permits the connection of an external trigger signal to the 7D20. 
In order for this connector to be functional, the EXT or EXT -^10 TRIGGERING 
SOURCE MODE must be selected. 



GPIB (connector) 



This is the IEEE 488 connector port for connecting the 7D20 to operate over the 
GPIB. Information for GPIB operation is contained in Section 4, GPIB. 
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OPERATIONAL THEORY 



THIS INFORMATION IS NOT REQUIRED FOR OPERATING THE 7D20 



BLOCK DIAGRAM DESCRIPTION 



The following description presents an overview of the operation of the 7D20. Figure 
3-1 is an overall block diagram of the plug-in. A discussion of the operation of the 
charge coupled devices {CCDs) the Digitizing modes, and the display system is 
included at the end of the block diagram description. 



OVERALL BLOCK DIAGRAM DESCRIPTION 



The 7D20 Programmable Digitizer performs analog to digital conversion, waveform 
storage, and digital to analog conversion for display (see Fig 3-1), The input signal 
is applied to the Preamplifier circuitry through either or both the CH 1 or CH 2 input 
connectors. The Preamplifier circuitry attenuates the input signal according to the 
setting of the front-panel VOLTS/OIV control- It then amplifies the signal, converts it 
into a differential signal and applies it to the CCD circuitry. 

The Charge Coupled Device (CCD) circuitry takes analog samples of the input signal, 
and passes them to the A/D converter for conversion into digital values. (See the 
following discussion of the operation of the CCDs.) The digitized samples are applied 
to the Memory circuitry. The CCD receives its timing and synchronization 
information from the Time Base circuitry. 

The Memory circuitry contains the waveform memory, which consists of digital 
memory and control circuitry. The Waveform Memory is used to store acquired 
waveform data from the A-to-D converter, and as a source of data for display on tfie 
mainframe crt. In addition, the microprocessor accesses the Waveform Memory to 
perform operations such as waveform averaging. GPIB data transfer, cursor 
measurements and storage of data for readout displays 

The Display circuitry receives digital display data from the Waveform Memory and 
converts it to analog display signals {vertical and horizontal), which drive the 
mainframe vertical and horizontal display amplifiers, to produce the mainframe crt 
display. The Display circuitry produces four types of displays: Y versus time, Y 
versus X, alpha-numeric characters, and cursors. Display setup information from 
the microprocessor determines the display mode. Timing signals from the Time 
Base circuitry synchronize the Display with the Memory access time slots. 
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Figure 3-1. 7D20 Overall Block Diagram. 
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Figure 3 1 <cont). 7D20 Overall Block Diagram 
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The Display circuitry also allows waveforms displayed in the Y versus time mode to 
be expanded, compressed, and offset and magnified horizontally without modifying 
the contents of the Waveform Memory. 

The Trigger circuitry generates the trigger gate signals, which provides a trigger 
reference point to the Time Base circuitry for the acquired data. It can produce a 
trigger gate from four different trigger signal sources; Ch 1 input signal, Ch 2 input 
signal, line and externa! trigger signal. The trigger source, coupling, mode, level and 
slope can be selected from the front panel or externally programmed. 

The Time Base circuitry provides the basic timing for the 7D20. It generates a 
number of clock and handshake signals which are used within the Time Base, CCD, 
Memory and Display circuitry to control the timing of waveform acquisition and 
display. These signals control the rate at which the CCDs sample the signal, and 
which of these samples are subsequently stored in the waveform memory. The Time 
Base circuitry receives setup and control information from the microprocessor, and 
in turn, transmits trigger and timing data back to the microprocessor for use in 
setting up and controlling the Memory and Display circuitry. 

The Microprocessor circuitry controls the setup of the 7020 for its various modes of 
operation, and initiates the acquisition and display of waveforms. It also performs 
calculations such as signal averaging, enveloping, delta-time and voltage 
measurements, and controls the self diagnostics and GPIB interface firmware. 



CHARGE COUPLED DEVICE (CCD) OPERATION 

A charge coupled device (CCD) is an analog shift register. Each CCD used in the 
7D20 contains two analog shift registers (see Fig, 3-2), which are driven 
differentially. Register A samples the (-) side of the differential input signal; Register 
B samples the (+} side of the signal. 

On each sampling clock to a register, a sample is taken of the signal. This sample is 
then stored in the first cell of the analog shift register. On subsequent clocks, this 
sample is passed from cell to cell, until it is applied to the output amplifier and 
subsequently to an analog-io-digital (A-to-D) converter. 



DIGITIZING MODES 



The Time Base circuitry has four basic modes of operation: roll, real-time digitizing 
(RD), extended real-time digitizing (ERD) and equivalent time digitizing (ETD). The 
setting of the TIME/DIV control determines the mode of operation of the Time Base. 

The roll mode (see Fig. 3-3A) creates a display on the mainframe crt similar to that 
of a strip chart recorder. In this mode, the CCD circuitry continuously samples the 
input signal at a 400 kHz rate. Samples are continuously being digitized at the 
output of the CCD by the A/D converter. Selected samples are then stored in a IK 
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INPUT SAMPLING 
CLOCK A 




INPUT SAMPLING 
CLOCK B 



3B57 402 



Figure 3-2. Simplified Biock Diagram ol Charge Coupled Device (CCD), 



TABLE 3-1 

Summary of Time Base Modes 



Time Base Mode 


TIme/Div 

Range 


Samples 

Displayed/Div 


Roll Continuous 
Real-Time Digitizing 


20 s to 100 ms 


100 


Real-Time Digitizing 


50 ms to 500 fjs 


100 


Extended 

Real-Time Digitizing 


200 fjs to 2 fJS 


80 


Equivalent Time Digitizing 


1 fjs to 50 ns 


100 



block of the Waveform Memory at a rate determined by the time/division setting. 
For example, at a time/ division setting of 0.1 s/division, samples are stored in the 
Waveform Memory at a rate of 1 kHz: 



100 sa mples 
div 



O ls/div = 1000 samples/sec = 1 kHz 



Thus, every 400''’ sample that the CCD takes is stored in the Waveform Memory 
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When the 1023"“ memory location is filled, the Memory circuitry wraps around to 
location 0, such that the Waveform Memory is treated as an infinitely long register. 
The Display circuitry scans the Waveform Memory continuously, changing the start 
point in the Waveform Memory for each new sample acquired, such that the crt display 
IS continuously updated with the 1024 most recently acquired samples, which in 
turn produces the strip-chart effect. 

In the roll mode, a trigger is not required when the front-panel TRIGGERING MODE 
is set for P-P, AUTO or NORM, since the Waveform Memory is continuously being 
filled with new waveform information, which is in turn being displayed on the crl. In 
the HOLD NEXT mode, however, waveform acquisition can be halted a selected 
number of samples following a trigger event. The acquired waveform is then held in 
the Waveform Memory. 

In the real-time digitizing |RD) mode (see Fig. 3-3B), the CCD also continuously 
samples the input signal at a 400 kHz rate. The A/D converter digitizes each sample 
and selected samples of the signal are stored in a IK block of the the Waveform 
Memory, again at a rale determined by the time/div. When a trigger occurs, the 
storage of waveform samples continues until a complete waveform is stored at 
which time signal acquisition is halted. Compensation for the 455 sample delay 
through the CCD is included. The amount of post-trigger or pretrigger selected 
determines which portion of the signal is stored in the Waveform Memory with 
respect to the trigger event. Once the waveform has been stored in the Waveform 
Memory, the time base is reset and another waveform is acquired. This waveform, 
however, is stored in a second IK block of Waveform Memory. While the second 
waveform Is being acquired, the first waveform is displayed on the crt. This process 
is repeated continuously, switching back and forth between the two IK blocks of 
Waveform Memory, such that the most recently acquired portion of the signal Is 
always displayed. 

In the extended real-time digitizing (ERD) mode (see Fig. 3-4A), a selected portion 
of the signal is first captured in ihe CCD, then written into the Waveform Memory. 
In this case, the two CCD registers continuously sample the input signal at a rate 
determined by the time/ division setting. When the trigger event occurs, the CCD 
continues to sample the signal until the samples stored in the CCD correspond to 
the selected amount of pre-trigger or post-trigger desired. The samples held in the 
CCD are then shifted out at a 400 kHz rate, digitized by the A/D converter, and 
written into Waveform Memory. Once the waveform is stored in Waveform Memory, 
the time base is reset and another waveform is acquired. As with the RD mode, the 
second waveform is written into another block of the Waveform Memory, and the 
Display circuitry displays the most recently acquired waveform 

As the time/division settings are increased in the ERD mode, the CCD samples the 
signal at a much faster rate than the acquired waveform is digitized and written into 
memory. This mode ot signal acquisition is thus called fasi-in, slow-out. 

Also, the two CCD channels sample the signal in a slightly different manner in the 
ERD mode. In the roll, RD and equivalent time digitizing modes, both CCD registers take 
a sample of the signal simultaneously. In the ERD mode, the two CCD registers take 
alternate samples of the signal. 
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Figure 3-3. Non-Fast In, S(ow-Out Time Base Modes (A) Roll Mode, (B) Real-Time 
Digitizing (RD) Mode. 
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Figure 3-4. Fast-ln. Slow-Out Time Base Modes; |A) Extended Real-Time Digitizing (ERD) 
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Figure 3-5. Extended Real-Time signal acquisition capability of the 7D20. 
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This technique is used to increase the real-time signal acquisition capability of the 
7D20. Since the portion of the waveform that can be captured in this mode is 
dependent on the combined length of the two registers of the CCD, the time 
resolution in this mode is reduced from 100 samples per division to 80 samples per 
division. In addition, as the samples are alternately shifted out of the two CCD 
registers they are still combined differentially at the output and sent to the A/D 
converter for digitizing. This improves the CCD noise and linearity performance 
while introducing the characteristic cosinusoidal frequency response of a 2-point 
smooth function. 

Shown in Figure 3-5A is a sampled waveform in the ERD mode where alternate 
samples are stored in each of the two registers of the CCD, Shifting samples 
alternately through the CCD and combining them differentially at the output is 
equivalent to convolving the sampled waveform with the two unit impulses shown 
in Figure 3-5B. As shown in Figure 3-5C this convolution is equivalent to passing 
the input frequency spectrum through a filter with the frequency response HM. 
H(<u), the Fourier transform of the convolving function h(t), is shown in Figure 3-5D. 
Note that at one-half the Nyquist frequency, the frequency response is -3 dB. Of 
course frequencies beyond the Nyquist frequency must be eliminated or aliasing will 
occur as with any digitizing system. As shown in Figure 3-5E this bandwidth limiting 
reduces the system rise time shown in the waveform step response, 

In the equivalent time digitizing (ETD) mode (see Fig. 3-4B). a composite waveform is 
built up in a IK block of the Waveform Memory from a number of waveform trigger 
events. As with the ERD mode, the CCD samples the signal at a fast rate, then 
writes the samples held in the CCD into Waveform Memory at a slower rate. In the 
ETD mode, the fast-in sample rate is fixed at 50 ns per point. In the ETD mode, 
however, only a limited number of samples are taken from each trigger event, and 
alternate sampling is no longer used (see Table 3-2), From subsequent triggers, 
more samples are taken unul an accurate composite representation of the waveform 
is built up in the Waveform Memory. 



TABLE 3-2 
ETD Mode 



TIME/DIV 


No. Points Acquired 
per Trigger Event 


1 /JS 


204-205 


500 ns 


102-103 


200 ns 


40-41 


100 ns 


20-21 


50 ns 


10-11 



In order to determine where to store the set of samples in the Waveform Memory 
with respect to samples taken from other trigger events, the Time Base measures 
the lime interval between the trigger event and the next sample taken with a fast 
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ramp time interpolator. The sample clock and the signal being measured are 
asynchronous, so a complete representation of the signal is built up after a number 
of trigger events. 

Since a number of trigger events are required to create a waveform in the ETD 
mode, a complete 1024 point waveform can only be created when measuring 
repetitive signals. Since multiple points are taken from each trigger event the 7D20 
can digitize a complete waveform from a low repetition-rate signal much faster than 
products that digitize only a single point per trigger. 



WAVEFORM DISPLAY 



Waveform displays are produced by converting 8-bit vertical waveform memory data 
to analog signals. Hardware processing is applied for seating, positioning, vector 
filtering, and conversion to a differential signal for driving the mainframe vertical 
interface amplifiers. Horizontal deflection is accomplished by digital to analog 
conversion of a 10-bit counter in the case of a Y versus T waveform or conversion of 
8-bit X waveform data for a Y versus X waveform. Horizontal display magnification 
(XI 0) is accomplished digitally and is available for Y versus T waveforms. The 
analog horizontal signal is also processed for vector displays and conversion to a 
differential signal for driving the mainframe horizontal interface amplifiers. 

Front-panel calibration controls permit adjusting the vertical and horizontal display 
gain and offset to match the calibration tolerance of all 7000-series mainframes. 
This procedure is given in Display Calibration. Section 2, Operating Instructions. 
Table 3-3 shows the position of the waveform display relative to the graticule of an 
ideal mainframe-cn system: 



TABLE 3-3 

7D20 Waveform Display Position 



HORIZONTAL 

GRATICULE 

DIVISION 


POINT tt 


HORIZONTAL 
BIT LEVEL 
(VS mode} 


1024 P/W 


820 P/W 


-0.125 




0 




-0.12 


0 


— 


0 


0 


12 


10 


3 


1 


112 


90 


28 


2 


212 


170 


53 


3 


312 


250 


78 


4 


412 


330 


103 


5 


512 


410 


128 


6 


612 


490 


153 


7 


712 


570 


178 


8 


812 


650 


203 



TABLE CONTINUED ► 
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TABLE 3-3 (CONT) 

7D20 Waveform Display Position 



HORIZONTAL POINT # 

GRATICULE 

DIVISION 1024 P/W 



9 

10 

10.08 

10.11 

10.1125 



912 

1012 

1023 



820 P/W 



730 

810 



819 



VERTICAL 

GRATICULE 

DIVISION 



5.08 

5 

4 

3 

2 

1 

0 

-1 

-2 

-3 

-4 

-5 



TOP GRATICULE 



CENTER GRATICULE 



BOTTOM GRATICULE 



-5.12 



HORIZONTAL 
BIT LEVEL 
(VS mode) 



228 

253 

255 



VERTICAL BIT 
LEVEL (VXPD, 
VCMP OFF) 



255 

253 

228 

203 

178 

153 

128 

103 

78 

53 

28 

3 

0 
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INTRODUCTION 



If you have read the previous sections of this manual, you are now familiar with the 
basic front panel operation of the 7D20. Reading the previous sections will help you 
make full use of the 7D20 GPIB command set capabilities. This section is intended 
to introduce you to the added capabilities that accrue from interfacing the 7D20 to a 
computer. The 7D20 uses the IEEE-488-1978 (GPIB) interface standard, which 
allows easy communication with most computers and other programmable devices. 
Table 4-2 later in this section lists the interface functions that the 7D20 
implements. 

In addition to the electrical standard followed by the 7D20 (IEEE-488-1 978), the unit 
conforms to the GPIB CODES. FORfylATS. CONVENTIONS AND FEATURES 
STANDARD that is used in the design of Tektronix, Inc. GPIB products, This 
standard provides precise language symbols that make programming the 7D20 no 
more difficult than operating it from the front panel, 

KEY FEATURES 

The 7D20 has been designed with the end user in mind. To this end, a number of 
key features are included in the instrument: 

Text Messages 

Bidirectional Waveform Transfers 
Nine Separate User Requests 
Debug Command 

Text Messages. To eliminate distracting written procedures, messages to the 
operator can be displayed on the crt. Other items of text, such as computer results 
and documenting remarks, can also be displayed by the same means. 

Bidirectional Waveform Transfers. Waveform data may be sent to or from any 
one of the six waveform locations. This allows the acquired signal to be sent to a 
computer for processing or storage. Sending a stored waveform to the 7D20 allows 
the user to view the current signal against a known reference or against a limit 
waveform. The 7D20 is capable of transferring waveform data in both ASCII and 
Binary format (see Data Transfers in this section). 

Nine Separate User Requests. The 7020 can generate up to nine different user 
requests to the computer, which enhances the interactive capabilities and allows 
the program to better respond to the user's needs. Two of the user requests are 
generated by pressing the Probe Identify buttons on the body of the P6053B Probe. 
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One example where the user request functions are useful is for an operator to 
signal the computer to advance to the next test sequence, and set up the 7D20 as 
required. (See Service Requests in this section). 

Debug. This is a highly useful command for the programmer, both during system 
development and while troubleshooting a problem. When the "DEBUG ON" 
command is received, all command data sent to the 7D20 is displayed on the crt. If a 
syntax or functional error is detected by the 7D20, an error statement indicating the 
detected problem is displayed just after the error. 

SECTION CONTENTS 

This section consists of five major parts: 

GPIB Description. This part highlights the basic operation of the interface. In 
addition, it contains information on getting started with the GPIB and selecting the 
various GPIB functions (address, terminator, etc.). 

Messages. This part discusses the 7D20 command and query syntax. The various 
waveform transfers are covered in detail, along with the text and readout formats. In 
addition, the 7D20 response to IEEE-488-1978 defined interface commands is 
discussed. 

Service Request. This part discusses the capability of the 7D20 to detect and 
report system status and user requests. A listing of all possible event codes is also 
included, along with explanations of each. 

Command List, This part lists and explains all 7020 bus commands and queries, 
and includes the exact syntax for each. 

Sample Programs. To help the user get started in programming the 7D20, this 
part includes routines for both the Tektronix 4041 and 4050-series controllers. For 
each type of controller, both I/O and application routines are included. 



GPIB DESCRIPTION 

The GPIB is an interface system that transfers signal information over a sixteen-line 
bus in a bit-parallel, byte-serial format. The bus consists of eight data lines, three 
handshake lines, and five bus management lines. The handshake lines permit 
asynchronous operation among instruments having different data transfer rates, so 
long as all conform to the handshake state diagrams and other provisions of IEEE- 
488. The data transfer rate is limited by the slowest active instrument connected to 
the bus. 

The bus can be either a star or linear configuration, or a combination of both (see 
Fig. 4-1 ). To maintain the electrical characteristics of the bus, a device load must be 
connected for each two metres of cable, and at least one-half the devices on the bus 
must be operating. 
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Figure 4-1. GPiB system configuration. 

A minimum GPiB system for the 7D20 cortsists of the 7D20 and a GPIB controlier 
{e g., a Tektronix 4050-series controller). The controller directs all command and 
data transfers on the GPIB. A larger GPIB system may consist of up to 15 
instruments distributed over a total cable length of no more than 20 metres. These 
instruments may include, in addition to the 7D20 and controller, other talkers (e g., 
counter, digital multimeter, etc.) and other listeners (e.g., line printer, tape drive, 
programmable signal generator, etc.). 



POWER UP 



When power is applied to the 7D20, a self-test routine is automatically invoked. At 
the completion of a successful test routine, the 7D20 comes on line with the same 
settings that existed when power was removed, with some exceptions. Power-up 
conditions are discussed more fully in Section 2 of this manual. 

The 7D20 performs a self-test routine that tests 63 circuit modules. If a fault 
condition is detected, an SRQ (service request) is generated with an Internal Error 
status byte. An event query may be used to determine the specific module at fault. 
The controller may then issue a command to continue or exit the seif-test routine. 
When the self-test is complete, an SRQ and an Operation Complete status byte are 
generated. Upon completion or exit from the self-test routine, the front-panel 
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settings are restored as before, and the waveform memory is initialized. The 
commands for the self-test routine are: 

TEST STA.RT | Initiates self-test routine. 

CONTINUE I Continues self-test routine after halting on fault condition. 



EXIT Exits self-test routine after halting on fault condition. This 

will not terminate an executing self-test. 

TEST Same as Test START. 

Refer to the Operating Instructions and the Service Manual Maintenance 
Instructions for more complete information regarding self-test. 

NOTE 

1. The colored characters in the commands are what the 7D20 will 
accept as command abbreviations. See Command Usage later in 
this section tor more information. 

2. The vertical line following TEST START AND CONTINUE means 
exclusive OR 



GPIB MODE, TERMINATOR, 

AND ADDRESS SELECTION 

NOTE 

The firmware version displayed in these illustrations may differ from 
those displayed for your 7D20. and are shown for positional reference 
only. 

The 7D20 provides for the selection of the mode, terminator, and bus address by 
means of the front-panel numeric keypad (located in the MEMORY DISPLAY 
section), in conjunction with the ID menu that is displayed by the oscilloscope in 
which the 7D20 is installed- The keys that are used for function selection are: 

Key #4: SELECT MODE 
Key #5: SELECT TERMINATOR 
Key #6: SELECT ADDRESS 

The selection process is initiated by pressing the front-panel ID key, which changes 
the numeric keypad from waveform selection to function selection, and produces 
the identification message. The selection process is terminated by again pressing 
the front-panel ID button. When this occurs, all changes that were previously input 
are implemented, unless the 7D20 is in REMOTE ONLY, If so, the prompt "UPDATE 
IGNORED" will appear on screen. ITtis prevents the bus from being changed during 
the selection process. Figure 4-2 illustrates the display when ID is pressed. 
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Figure 4-2. Function selection display. 



NOTE 

All function choices are stored when power is removed, and restored 
when the power is resumed. 

ADDRESS SELECTION 

To select the GPIB address, press front-panel key #6 (MEMORY DISPLAY). The 
prompt field will display the current GPIB address as "ADDR=<addr>?''. The 
question mark and key #6 will both blink. Repeatedly pressing key #6 increments 
the address number, beginning with the current address. The address will 
increment to 30 and begin again at zero. 

Figure 4-3 shows the display when the GPIB address is 13. 
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Figure 4-3. Address selection display. 
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TERMINATOR SELECTION 

To select the terminator, press key #5. The prompt field will display the current 
status of the GPIB terminator as "TERM=<term>?". Key #5 and the question mark 
will blink. Repeatedly pressing the key alternates the terminator between EOl and 
LF/EOI. Refer to controller manual for proper terminator choice. 

Figure 4-4 illustrates the display when the LF/EOI terminator is selected. 
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Figure 4-4. Termirtstor selection display. 

MODE SELECTION 

To select the GPIB mode, press key #4. The prompt field on the oscilloscope display 
will show the current status of the GPIB mode as "MODE=<mode>?". (Key #4 and 
the question mark will blink.) 

Repeatedly pressing the key will sequence the mode selection through off bus, talk 
only, listen only, and talk/listen. 



Figure 4-5 illustrates the oscilloscope display when the talk/listen mode is selected. 
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Figure 4-5. Mode selection display- 
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ALTERNATE GPIB STATUS INDICATORS 

In some cases, the oscilloscope display may not be visible, or may not be functioning 
correctly, in either case making normal function selection impossible. The light 
pattern of the numeric keypad displays the GPIB function status. Table 4-1 lists the 
function selection states. The table is arranged in 8421 binary code. 

TABLE 4-1 



MEMORY DISPLAY Keypad Code 



Indicated Function 


Keypad 


1 i 


2 


3 


D 


5 


6 


Select Mode 




” 1 




1 






OFF BUS 


0 


0 ! 


0 


B 


0 


0 


TALK ONLY 


1 


0 i 


0 


B I 


0 


0 


LISTEN ONLY 


0 


1 


0 


B 1 


0 


0 


TALK/LISTEN 


1 


1 


0 


B 1 


0 


0 


Select Terminator 




1 










LF or EOl 


0 


0 1 


1 


0 


B 1 


0 


EOl 


0 


0 ! 


0 


0 1 

1 


B : 


0 


Select Address 






■1 








30 


0 


1 


D 


1 i 


1 


B 


29 


1 


0 


H| 


1 i 


1 


B 


Binary Address 


AO 


A1 




A3 j 


A4 


B 


1 


1 


0 


M| 


0 ' 


0 


B 


0 


0 


0 


0 


0 


0 


B 



1 - ON; 0 s OFF; B = blinking 



To terminate the function selection, press the illuminated ID key, which erases the 
displayed menu, implements the changes just made, and extinguishes the ID key. 
Also, the keypad is restored to the normal waveform selection staie. 



REMOTE AND LOCAL OPERATION 

The 7D20 complies with the requirements noted in IEEE-488 for the Remote-Local 
interface function, which provides the instrument with the capability to select 
between front-panel information and GPIB information sources. The 7D20 will, 
however, execute all GPIB commands and queries regardless of the remote-local 
state. 

Each front-panel control on the 7D20 generates a local "rtl " message when used. If 
the 7D20 is in either LOGS (local state) or LWLS (local with lockout state), the front- 
panel function will be executed. If the 7D20 is in RWLS (remote with lockout state) 
only GPIB commands are executed except for the following functions: probe 



4-7 






























GPIB-7D20 



encoding, probe identify, RQS, RQSW, and monitoring the status of the GPIB 
selection via the ID pushbutton. Also, the HORIZONTAL POSITION and VOLTS/DIV 
VARIABLE controls operate unless set to calibrated status via GPIB commands. 



INDICATORS 

The front-panel ADDR (addressed) indicator lights whenever the 7D20 is addressed 
by the controller, which occurs in one of the following address states: TAGS (Talker 
Active State), TADS (Talker Addressed State), LACS (Listener Active State), or LADS 
(Listener Addressed State). The front-panel SRQ Indicator lights when a 7D20 
service request is generated- This is cleared by a poll of the 7D20 by the controller. 
The REMOTE ONLY indicator lights when the 7D20 is in RWLS (Remote With 
Lockout State). 



GPIB INTERFACE FUNCTIONS 

IEEE-488-1978 defines the GPIB interface functions and the allowed subsets of 
these functions. The subsets that apply to the 7020 are listed in Table 4-2. Refer to 
IEEE-488-1978 for more definition regarding the functions. 



TABLE 4-2 

7020 GPIB Interface Functions 



Interface Function 


Subset 


Capability 


Source Handshake 


SHI 


Complete 


Acceptor Handshake 


AH1 


Complete 


Talker 


T5 


Complete (no secondary addressing) 


Listener 


L3 


Complete (no secondary addressing) 


Service Request 


SRI 


Complete 


Remote Local 


RL1 


Complete 


Parallel Poll 


PPO 


None 


Device Clear 


DC1 


Complete 


Device Trigger 


DTI 


Complete 


Controller 


CO 


None 


Electrical Interface 


E2 


Tri-state 
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MESSAGES 



GPIB messages fall into two major classes: Interface messages and device- 
dependent messages. Interface messages are sent by the GPIB controller to all 
instruments on the bus to control the functions of each instrument interface. 
Device-dependent messages (e.g., instrument commands, data, etc.) may be sent by 
an instrument on the bus to any other instrument on the bus. Refer to Figure 4-6, 
which illustrates the relationship of interface messages and device-dependent 
messages. 




Figure 4-6. Device-dependent vs. interface messages. 



GPIB INTERFACE MESSAGES 



The controller uses interface messages to manage the bus (e.g., designate talkers 
and listeners, etc ). Each instrument on the bus listens to every interface message. 
The interface messages in the controller's vocabulary are defined by lEEE-488- 
1978. The messages can be considered to be ASCII codes that assume a new 
meaning when sent by the controller with the Attention (ATN) line asserted. 

TALK AND LISTEN ADDRESSES (MTA, MLA) 

Two of the interface messages are the talk and listen addresses. When a device 
sees its talk address (called My Talk Address or MTA) and ATN asserted 
simultaneously, it must become a talker. When the controller removes ATN. the 
device begins the source handshake to transmit its data. Similarly, My Listen 
Address (MLA) and ATN tells a device to listen to the data sent by a talker. 
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SERIAL POLL ENABLE COMMAND (SPE) 

The controller uses other kinds of interface messages for other tasks. One is the 
Serial Pol! Enable command {SPE}. which is used with the service request function. 
Assume that an instrument asserts SRQ when it completes acquiring data. The 
controller must poll all devices on the bus, since any one or all devices can assert 
SRQ. To conduct the serial poll, the controller sends SPE, a universal command, 
then addresses each device in turn as a talker and reads a status byte from each. 
Any device asserting SRQ also asserts DI07 of the status byte to inform the 
controller that it is actively requesting service. The remainder of the status byte tells 
the controller why it is requesting service. (For more information on this topic, refer 
to the service request discussion later in this section.) 



GROUP EXECUTE TRIGGER (GET) 

The Device Trigger function uses an addressed command: Group Execute Trigger 
(GET). Refer to Table 4-7 later in this section for more information. 



DEVICE CLEAR (DCL) 

The controller issues the Device Clear message (DCL) to initialize internal functions 
of devices on the bus. DCL is a universal command that applies to all devices. Its 
effect on each instrument, however, is decided by the designer, who can choose to 
initialize any device function to any state that suits the purpose of the instrument. 

The 7D20 complies with all requirements set forth by IEEE-488- 1 978 with regard to 
the Device Clear function. When Device Clear is accepted, the following occurs: 

1, All bus communications in process are terminated without untalking or 
unlistening the 7D20, 

2, All pending SRQ flags except POWER ON are cleared. 

3. All pending event query responses except POWER ON are cleared. 

4. Input and output buffers are cleared. 

SELECTED DEVICE CLEAR (SDC) 

The 7D20, if listen-addressed, responds to a Selected Device Clear (SDC) in the 
same way as described for Device Clear. 



INTERFACE CLEAR (IFC) 

The IFC (Interface Clear) message interrupts any data input or output, and places the 
7D20 in the unaddressed state. If the 7D20 is talking when IFC is asserted, it will 
continue from the point of interruption when again addressed as a talker. Likewise, 
if listening when interrupted, the 7D20 will resume receiving data when again 
addressed as a listener. 
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DEVICE-DEPENDENT MESSAGES 



Device-dependent messages, which are 7D20 commands, data, etc., are sent from 
the controller or another device (talker) to one or more other instruments (listeners) 
on the bus. Device-dependent messages affect the functions of the instruments 
(e.g., commands), but they do not directly affect the actual GPIB interface. 

NOTE 

BNF notation is used herein to define communications with the 7D20. 

The symbols are defined as follows: 

< > Defined element 

::= Is Defined As 

[ } Grouping 

[ ] Optional, May Be Omitted 

I Exclusive Or (one or the other, but not both) 

May be repeated one or more times. 



INTRODUCTION 

The 7D20 Command set »s divided into two classes: Commands, which direct an 
action to be taken, and Queries, which interrogate the 7020 concerning the state of 
the 7D20. 

COMMAND USAGE 

A command can be one of two types: The first and more complex is illustrated by 
Figure 4-7. Note that multiple arguments are permitted if separated by a comma. 
The command consists of a header, followed by a link argument, in turn followed by 
data. The term header is used for the class of words that select one of a group of 




Figure 4-7. Complex command format diagram. 
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functions. For example, the Channel 1 Vertical Amplifier has four functions: 
Volts/Div, Position, Coupling, and Variable. The command: 

CHI VOLTS: ,2. POSITION; -1. COUPLING: AC. VARIABLE; ON 

specifies the four functions. The header is CHI. the link arguments are VOLTS, 
POSITION, COUPLING, and VARIABLE. The data is 0.2, -1, AC, and ON. 

The second form of command consists of a header that is followed by an argument, 
having no data involved. Examples are; 

DEBUG ON 
RQS ON 
INIT ALL 

Refer to Figure 4-8, which illustrates the formal of the simpler command. 




Figure 4-8. Simple command format diagram. 



Multiple commands may be sent to the 7020 in one GPIB message by inserting a 
semicolon {;) between the commands: 

CHI POSITION:3.5.COUPLING:GND;CH2 VOLTS:. 1 

This command list sets the channel 1 position to 3.5 divisions and coupling to GND, 
and the channel 2 volts/div to 0.1- 

Header and argument may be abbreviated as long as the abbreviations are as 
specified herein. For example: 

TRIGGER MODE;P-P,COUPUNG;ACHFREJ,SLOPE:PLUS 
TR MO:P-.COUP:ACH.SL:PL 

are identical commands. In this section, the minimum command required is printed 
in color, with the remainder of each word verified if present. Any additional 
characters will cause an error message to be sent. 

The numeric arguments acceptable to the 7D20 comply closely with the ANSI 3.42 
Standard on Representation of Numeric Values in Character Strings for Information 
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Interchange. The three data types are integer (NR1). floating-point (NR2), and 
exponential notation (NR3). In all three types, the 7020 will not send numeric 
representations of zero that contain a minus sign. NR1, NR2, and NR3 data can be 
used interchangeably anywhere within the 7D20 syntax. 

NR1 integer representation is most useful for numeric data where either limited 
interpretation or generation of data is required (e.g., restricted or fixed-range) and 
also where large volumes of fixed-format data or high-speed data are transferred 
between devices. In these applications, data rates are of primary significance. 
Figure 4-9 illustrates the NR1 data format. 



-► 




LQJ 



<NR1> ::= ( SP . . . I [ <SIQN> ) <DIGIT> . . . 

<SIGN> ::= + !- 

<DIGIT> ;:= 0 i 1 I 2 I 3 I 4 I S I 6 I 7 I 8 I 9 

3857-308 



Figure 4-9. NR1 data format. 



NR2 floating-point representation is most useful for numeric data where the range 
of data output is limited or data is intended to be used with devices where human 
interpretation prevails. Figure 4-10 illustrates the NR2 data format. 

NR3 exponential notation is preferred where measurement or controller devices 
must accommodate a wide range of values or where the specific range of data to be 
output (or input) is unpredictable. Figure 4-11 illustrates the NR3 data format. 

QUERY USAGE 

A query solicits information from the 7D20. Queries consist of either a header 
followed by a 7' or a header followed by a 7', then one or more arguments. A query 
consisting of only a header followed by a question mark addresses the entire group 
of information: a query consisting of a header followed by an argument addresses 
an individual subset of the group. Query responses are formatted using the same 
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Figure 4-10. NR2 data format. 
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<NR3> <NR2> <EXRAD> 

<EXRAD> E <EXRAD SIGN> <OIGIT> [ <DIGIT> . . . ] 

<EXRAD SIGN> ::= + !- 

While talkers must follow the NR3 syntax above, listeners must accept an 
NR1 ahead of the EXRAD artd representation which omit the EXRAD sign. 

3657.310 



Figure 4-11. NR3 data format. 

syntax as commands. Most responses can be sent directly back to the 7D20 as a 
command to set up the identical condition that existed when the response was 
generated. Some responses indicate the status of execution of 7D20 commands. 
These may be returned to the 7020 as commands, but will be ignored by the 
instrument. The query format is depicted in Figure 4-12 




Figure 4-12. Query format diagram. 
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As an example, the header -only query, "CHI?” would solicit all the channel 1 
settings. The response would be: 

CHI VOLTS:.2,POSITION:-1.COUPLING:AC.VARIABLE:OFF,PROBE:1 

if the channel 1 volts/div was 0.2 volts, position was -1 divisions, coupling was AC, 
channel 1 was calibrated {VARIABLE control was disabled), and channel 1 was 
connected to a XI attenuation probe. 

To solicit only the volts/div of channel 2, the query "CH2? VOLTS ' would result in 
the following response: 

CH2 VOLTS: 2.0 

if the channel 2 volts/div setting was 2 volts. 

Again, as with commands, the header and argument can be abbreviated as long as 
the abbreviations are as specified For example. 

TRIGGER? MODE and 
TR? MO 

are identical queries. It should also be noted that the 7020 must be talked once for 
each query with a terminator, but only once after a set of queries separated by a 
semicolon and followed by a terminator. The 7020 will cancel any previous unread 
(?) Query responses upon receipt of a new command or query. 

DATA TRANSFERS 

In the 7020, data transfers lake three major forms: 

1 . Readout, which conveys data about the operational settings of the 7020, and 
the cursor waveform, 

2. Text, which conveys messages to and from the crt by way of the GPIB 

3. Waveforms, which consist of curve Information for transmission over the bus. 

The 7020 I/O Bus has the following characteristics: 

1 , The input buffer of the 7D20 Is 1 28 characters deep. When the input buffer is 
full, the 7020 will be unable to accept any more data until buffer space 
becomes available. 

2. The output buffer of the 7020 is 128 characters deep. When 128 characters 
are loaded into this buffer, it is considered full. 

3 If a query is sent that fills the output buffer before the 7020 has been talked 
and the input buffer is full, the output buffer is emptied of contents, and an 
execution error status byte is reported. An EVENT? at this time would evoke an 
event report of "I/O buffers full, output dumped", the code for which is 203 It 
is possible to send a form: Query, command, command. , . and fill the input 
buffer before talking the 7020. This will create an I/O deadlock To avoid loss 
of data, the controller should talk the 7020 with each query sent; otherwise, an 
I/O deadlock may occur. 
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Readout 

When a readout query is received, the 7D20 responds by sending the information 
on the top two and bottom two lines of text displayed on the crt. Readout text can be 
transmitted to the 7D20, but it will be ingored. Syntax for the readout query is: 

ROOUT? 



and the response is: 

RDOUT “<line 1><CR><line 2><CR><line 15><CR><line 16><CR>''] 



Text 

The text is the information that is displayed on the center 12 lines of the crt display. 
Each line contains no more than 36 characters. Text can be sent or received by the 
7020, The characters that the 7D20 can display are listed in Figure 4-13, from 
character 32 (SP) through 95 (-). which form the center four columns of characters 
in the figure. If lower case letters (97 through 1 22} are received, they are converted 
to uppercase, then displayed. In addition, the characters in Table 4-3 can be sent or 
received: 



TABLE 4-3 

Suppiemenlai Characters 



Character 


ASCII Character 


Decimal 


Horizontal Tab 


HT 


9 


Carriage Return 


CR 


13 


{Up arrow) 


A 


94 


(Down arrow) 


ESC a 


27 97 


(Delta) A 


ESC d 


27 100 


(Mini) m 


ESC m 1 


27 109 


(Micro) p 


ESC u 


27 117 


(Nano) n 


ESC n 


27 110 


(Pico) p 


ESC p 


27 112 


(Right arrow) 


ESC r 


27 114 



Note that the HT character is equivalent to sending five spaces in the text string. 



When using the text feature, the user is cautioned that some limitations should be 
kept in mind: 

1 . The character set is formed with a 5 x 7 standard dot matrix, and is imposed on 
a field of 1 536 points. One can calculate the precise number of characters that 
can be displayed by summing the dots used in the characters until all 1536 
points (dots) are used. More practically, the number of characters possible is 
approximately 100. Spaces or blanks do not count in the calculation of total 
characters. 

2. A TEXT command will terminate a DEBUG display, or any MENU, TEST, or ID 
command and will also replace the text that is currently on the display. 
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3. Likewise, a DEBUG display, or any MENU. TEST, or ID command will terminate 
a TEXT command and replace the displayed text with that accompanying the 
new command. 

4. Syntax for the TEXT command is; 

TEXT "<line 3>[<CR><line 4><CR><line 5><CR>... 

<line 12><CR><nne 13><CR><lino 14><CR>]'' 

The commands between brackets are optional. 

5. If more than 36 characters are received for a single line, a carriage return is 
inferred and the remainder is placed on subsequent lines. 

6. A TEXT query will always cause twelve lines to be sent. Thus, if only three 
lines of text characters are in the message, nine blank lines will accompany 
them. 



Waveforms 

Up to six different waveforms may be acquired and stored in the 7D20 memory for 
later use. These can be selected at random, and can also be stored in any order. 

The general format of the transmitted waveform data closely complies with the 
Tektronix Codes and Formats Standard, which specifies the form of transmission 
required for waveform data. The two parts of the waveform data are: 

1, The preamble, which contains items such as wavefom size, scaling 
information, format specifications, and similar items required to determine co- 
ordinate values, and auxiliary informat»on tike identification strings and units; 
and 

2. The curve, a set of data that contains the curve co-ordinates and attributes. 
Waveform transmissions may include both preamble and curve data, or either 
one can be sent alone. Separate query messages may be used to elicit 
preamble data or curve data, or both 

The data received by the 7D20 may be in either the 1024 or the 820-point format, if 
insufficient points are sent by the CURVE command, the last point is repeated until 
the end of the waveform occurs. 

Each curve, when interpreted in accordance with its corresponding preamble, 
constitutes a complete waveform transmission. For proper interpretation of curve 
data, a minimum preamble must be transmitted for the selected waveform 
destination before any waveforms are sent. Subsequent preambles sent need only 
transmit changed information. Curve data will be associated with the preamble 
previously stored at the same destination. Curve data may be sent in binary or ASCII 
format. Binary format is especially suited for transmitting large blocks of data at 
high speed, but is not easily readable in this form 
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An example of binary encoding of a waveform curve follows: 

Preamble: 

WFMPRE WFID:W 1 ,ENCDG:BINARY.NR.PT;1024,PT.FMT:Y. 
XINCR:1.0E-5,PT.OFF:1.2 E+1 .XZERO:O.XUNIT;S, 
YMULT;1.0,YZERO:0,YUN[T:V,BYT/NR:1. 
8N.FMT:LF.BIT/NR:8.CRVCHK:CHKSM0 

The ASCII formal is more bulky than the binary format, so the transmission time is 
longer than that of binary, but the data is easily readable by comparison. An 
example of ASCII encoding of a waveform curve follows: 

WFMPRE WFID:W 1 .ENCDG;ASCH,NR.PT:1024,PT.FMT:Y. 

XINCR:1.0E-5.PT.OFF;1.2E+1,XZERO:O.XUNIT;S. 

YMULT;1.0,YZERO:0,YUNIT:V 



Waveform Preambles. Following are the waveform commands, queries, and the 
definitions of each. 



1. Waveform Preamble Commands. These commands provide the 7D20 with 
scale factor attributes, number of points per waveform, and the trigger 
reference location to be assigned to waveform data sent to the 7D20 by the 
CURVE command. 



WFMPRE NR.PT: 820|1024 
WFMPRE XINCR: <x increment> 

WFMPRE PT.OFF: <point #> 
WFMPRE XUNIT: S 



Sets number of points that are input 
from the CURVE command to 820 or 
1024. 

Sets the time between points input 
from the CURVE command to <x 
increment>. 

<x increment> ::= time / div / 80 
poinls/diviston for 820-point 
waveforms, and time / div / 100 
points/division for 1024-point 
waveforms. 

Selects the waveform point at which 
the cursor reads time zero. The range 
is -150,000 < point ff <1023, where 
point 0 is the left most displayed point 
on the waveform. An execution error 
warning is issued if out of range 
condition occurs. 

Sets displayed horizontal scale factor 
unit for waveforms input from the 
CURVE command. 
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WFMPRE YMULT-. 1 <y mu1tiplier> Sets the vertical scale factor 

(volts/div) for waveforms to input from 
the CURVE command to <y multiplier>. 



Sets the vertical value of the center 
horizontal graticule division for 
waveforms input from the CURVE 
command. This corresponds to curve 
data of zero divisions for ASCII curves 
and 80he» for binary curves. 

<V zero> :;= -volts/div * VZR (vertical 
zero reference} 

Sets the displayed vertical scale factor 
unit for waveforms input by the 
CURVE command. 

2. Waveform Preamble Queries. These queries provide the controller with the 
waveform attributes associated with the waveform curve data specified as the 
source waveform from the DATA command. The responses apply to curve data 
sent from the 7D20 in response to a CURVE? or WAVFRM? query. 



WFMPRE? WFID’ 


Responds with the current source waveform 
number and indicates if interpolation will be 
applied to curve data: WFMPRE WFID:<wfmid> 


WFMPRE? 


ENCDG' 


Responds with the current curve encoding: 
WFMPRE ENCDG:<encdg> 


WFMPRE? 


NR.PT 


Responds with the current source waveform's 
points/ waveform; WFMPRE NR.PT:<p/ w> 


WFMPRE? 


PT.FMT’ 


The 7D20 responds; WFMPRE PT.FMT:Y. This 
indicates that the curve data is vertical data with 
respect to time. 


WFMPRE? 


XINCR: 


Responds with the current source waveform's time 
between points; WFMPRE XINCR:<x increment> 


WFMPRE? 


PT.OFF 


Responds with the trigger point number: WFMPRE 
PT.OFF;<point #> 


WFMPRE? 


XZERO' 


The 7D20 responds: WFMPRE XZERO:0. This 
indicates that the curve data horizontal origin has 
not been shifted. 



WFMPRE YZERO: <y zero> 



WFMPRE YUNIT: V 



’These queries have no corresponding 7D20 command. Query responses are ignored 
whenever returned to the 7D20 in command form, and no error message is sent. 
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WFMPRE? XUNIT The 7D20 responds: WFMPRE XUNIT:SlPT, This 
indicates that the curve data horizontal scale factor 
unit is seconds or points. 

WFMPRE? YMULT Responds with the current source waveform 
vertical scale factor: WFMPRE YMULT;<y 
multipl»er> 

WFMPRE? YZERO Responds with the current source waveform 
vertical zero: WFMPRE YZERO:<y zero> 

WFMPRE? YUNIT The 7D20 responds: WFMPRE YUNITiV. This 
indicates that the curve data vertical scale factor 
unit is volts. 

WFMPRE? BYT/NR’ The 7020 responds: WFMPRE BYT/NR:1. This 
indicates that the curve data for binary 
transmission is one byte per point. 

WFMPRE? BN.FMT’ The 7D20 responds: WFMPRE BN.FMTiLF, This 
indicates that the curve data is sent in a left- 
justified binary fraction format. 

WFMPRE? BIT/NR' The 7020 responds: WFMPRE BIT/NR:8. This 
indicates that each binary byte has eight bits. 

WFMPRE? CRVCHK’ The 7D20 responds: WFMPRE CRVCHK: 
CHKSMO. This indicates that the last byte of the 
binary curve is a checksum. 

WFMPRE? Responds with the current source waveform's 

preamble: 

if ASCII: 

WFMPRE WFID:<wfmid>.ENCDG:ASCII, 
NR.PT:<p/w>.PT.FMT:Y.XINCR:<x increment>, 
PT,OFF:<poim #>.XZER0:0.XUNIT:S, 

YMULT:<y multiplier>.YZERO:<y zero>, 

YUNIT:V 

if binary: 

WFMPRE WFID;<wfmid>.ENCDG: 
BINARY,NR.PT:<p/w>.PT.FMT:Y, 

XINCR:<x increment>,PT.OFF: 

<point #>,XZER0:0.XUNIT:<x unit>, 

YMULT;<y multlpler>.YZERO:<y zero>. 

YUNIT:V.BYTINR;1,BN.FMT:LF. 

BlTlNR:8.CRVCHK:CHKSM0 

'These queries have no corresponding 7D20 command. Query responses are ignored 
whenever returned to the 7D20 in command form, and no error message is sent. 
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where: 

<wfm #>:;=! | 2 1 3 | 4 | 5 | 6 
<encdg> ASCII | BINARY 
<p/w> 820 | 1024 

<x increment> <NR3> = time/div / points/div 

<point <NR1 > 

<y multiplter> ::= <NR3> = vertical scale factor 
<y zero> ::= <NR3> = -(VZR * vertical scale factor) 
<wfmid> ::= W <wfm I | W <wfm #>, 
where I indicates interpolated data. 



Waveform Curve 

1. Curve Commands. These transmit waveform point data to the 7020. The 
CURVE command lakes two different forms; 

CURVE: <ASCII curve> | <binary curve> 

<ASCII curve> :;= <ASCIi point>,<ASCII point>... 

<binary curve> %<binary countxbinary point>... 

<checksum> (<checksum> is defined below.) 

Waveform memory extends from -5.12 divisions to +5.08 divisions. When 
transmitting an ASCII curve, data is sent in divisions. When transmitting a binary 
curve, data is sent as point numbers with OOOOOOOO 2 , IOOOOOOO 2 , 1 1 1 1 1 1 1 1 2 
corresponding to -5.12 divisions, 0 divisions (center screen), and +5.08 divisions, 
respectively. A short curve is filled out with a reiteration of the last point. Note that 
an ASCII curve must have at least two points. If only one point is sent, a syntax error 
code will be generated. 

2. Curve Queries. These queries transmit waveform data from the 7D20 to the 
GPIB controller. The DATA command specifies whether ASCII or binary format 
is to be used. 

CURVE? Responds with the current source waveform’s curve: 

if ASCII: 

CURVE <ASCII pomt>.<ASCII point>... 
if binary; 

CURVE %<binary cour»t><binary point>...<checksum> 
where: 

<ASCII point> ;:= <NR3> 

<binary count> ::= two bytes representing number of 
data points +1 (checksum) 

<binary point> ;;= 8-bit byte (00 [01 | . . . | FE ] FF) 
<checksum> ::= two’s complement of the modulo 256 sum of 
the preceding binary data bytes and the binary count, but not 
the "%" preceding the binary byte count. 

<wfmtd> ::= W <wfm #> 1 1 W <wfm ff>, (I indicates inter- 
polated data.) 
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Waveform Preamble and Curve 

The complete waveform may be transmitted from the 7D20 using the query 
"WAVFRM?". For convenience, the response includes both preamble and curve. 

WAVFRM? Responds with 

<preamble><curve> 

<preamble> :;= response to WFMPRE? 

<curve> ::= response to CURVE? 



Waveform Data Commands. To transmit waveforms from the 7020, first 
specify the waveform data source. This is done through the command: DATA 
MEMORY;<wfm #>", which sets the memory source for reception or transmission. 
The <wfm #> options are memory sources 1 through 6. The second command, 
"DATA ENCDG: <ASCII | BINARY>". chooses between the ASCII format or the 
binary format. When receiving waveforms into the 7D20, the same kinds of 
operations apply as when transmitting from the instrument. 

The third command, "DATA INTERPOLATE: <0N i OFF>", sets 820 to 1024-point 
interpolation mode for all extended real-time waveforms transmitted from the 7D20. 
An 820-point waveform format is used lor the extended real-time waveforms that 
are digitized when the 7020 TIME/OIV is 200 ^s/div to 2 s/div. For the most 
convenience with some packaged waveform processing programs, the 7D20 will 
interpolate the waveform data into a 1024-point data length if desired. The 
algorithm for the interpolation process, which maintains the value of the trigger 
point without alteration, is as follows: 

QO = 3/5 PO + 2/5 PI 
Q1 = 4/5 P1 ^1/5 P2 
Q2 = P2 

Q3 = 1/5 P2 4/5 P3 
Q4 = 2/5 P3 + 3/5 P4 
Q5 = 3/5 P4 + 2/5 P5 
Q6 = 4/5 P5 + 1/5 P6 
Q7 = P6 

Q8 = 1/5 P6 = 4/5 P7 
Q1022 = P818 

Q1023 = 1/5 P818 + 4/5 P819 

where: Qn = Value of point n of the 1024-point waveform 

Pm = Value of point m of the 820-point waveform 
n = 0 to 1023 
m - 0 to 819 

Note that Q2 and Q7 of the interpolated waveform are not fabricated. This is true for 
every fifth point on the waveform. 
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SERVICE REQUESTS 



Service requests allow the 7D20 to report operating status in detail to the controller, 
which encourages a synergistic relationship to exist among the system components. 
Additionally, the user will find service requests a very powerful aid in debugging 
programs and in high-order troubleshooting. 

SRQ responses fall into four major classes. The first reports on the health of the 
7D20, by means of such status bytes as Power On, Fatal Error, and Internal Error. 
The second reports on Execution Status, using status bytes such as No Status to 
Report and Operation Complete. The third class consists of User Requests, including 
RQS and RQS#. The fourth reports on errors and warnings, using Execution 
Warning and Execution Error as a means of conveying status. 

Responses to the controller divide into two discrete levels. The first, the status byte, 
is used as a general response. For example. Power On, Internal Error, Command 
Error, and Execution Error are all status bytes, and are meant to indicate the general 
class of condition that initialed the SRQ. 

The second response level is the event code, which in the 7D20 is used to 
subclassify SRQ responses at a level that is much more specific than that of the 
status byte. For example, event codes 108 through 162 (see Table 4-6) only deal 
with command errors, and each of the codes specifies a certain kind of command 
error. Event code 108, for example, states that a checksum error has occurred; 
event code 109 points out a byte-count error; and so forth. 



USING SRQ 



The SRQ function is device-initiated, in that the 7D20 asserts SRQ when an event 
occurs that is included in the event code list, and the corresponding service request 
mask is enabled. (See the discussion on Service Request Masks on the following 
pages.) The controller responds to the SRQ by polling all devices on the bus, which 
clears the SRQ, and receives the status byte that indicates the class of event, such 
as Command Error, etc. The status bytes are listed and defined in Table 4-4. 

Refer to Figure 4-14, which is a block diagram of the Status Byte and Event Code 
Buffers. It depicts two paths, one for the status bytes, the other for the event codes. 
Each event code corresponds with a particular status byte. 

When the 7D20 senses a condition that merits the operator's attention, a status 
byte is sent to the output interface and SRQ is asserted to alert the controller that 
its attention is required. At some time later, the controller interrogates each 
instrument on the GPIB by performing a serial poll. When it interrogates the 7D20, 
this instrument responds with the current status byte. If the controller then follows 
with an event query, the 7D20 will respond with the current event code (which 
corresponds with the current status byte). Figure 4-1 5 is a flow chart that illustrates 
the path that is followed when an event code is generated. 
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TABLE 4-4 
7D20 Status Bytes 



Title 


Binary 


1 

1 Decimal 


Priority 


(not busy) j 


(busy) 






(Device Dependent:) 










Fatal Error 


IRIX 0011 


227 


243 


1 


(System:) 










Power On 


01 OX 0001 


65 i 


81 


1 


Command Error 


ORIX 0001 


97 j 


113 


2 


User Request 


OlOX 0011 


67 


83 


2 


Execution Error 


ORIX 0010 


98 ! 


114 


2 


Internal Error 


ORIX 0011 


99 


115 


2 


Execution Warning 


ORIX 0101 


101 1 


117 


2 


Internal Warning 


ORIX 0110 


102 j 


118 


2 


Operation Complete 


OROX 0010 


66 ' 


82 


2 


No Status To Report 


ooox dooo 


0 


16 


3 



R is asserted with the GPIB command; RQS:ON. H the 7D20 is in the 
RQS;OFF mode and polled, the status byte is sent without DI07 asserted. X is 
the busy bit, and is asserted only when the 7020 is in AVE, AVEN, ENV, 
ENVN, or HOLDNEXT at the time of the SRQ. The first column of decimal 
values is without the busy bit set and the last column is with the busy bit set. 
Both columns assume RQS:ON. 



It should be noted that status bytes are not stacked; that is, only the current status 
byte (in the interface) and the status byte of highest priority (status byte pending) are 
saved. All status bytes of lower priority than the one pending are discarded. Also, 
the status byte in the pending register is discarded and replaced if one of higher 
priority appears. Thus, with the exception of the status byte stored in the interface 
(status byte current), the highest priority status byte is stored in the pending 
register. 

One exception to the above is the Fatal Error status byte, which acts as a system 
safeguard. If a Fatal Error occurs (which only happens if the 7D20 fails), this status 
byte goes directly to the interface, and the 7D20 will refuse to respond further to 
any bus commands, except serial poll. Thus, the fatal error status byte never has a 
corresponding event code, for none could be read. The reason for the shut down is 
to prevent transmission of erroneous bus commands that might adversely affect 
other instruments on the GPIB. 

Unlike status bytes, as many as 40 event codes are saved for later examination. 
Referring again to Figure 4-14, note that except for the "UFO" (last-in, first-out) 
buffer, the structure of event-code storage is similar to that of the status bytes. New 
event codes that occur are sorted to determine the priority of each: if one is of 
higher priority than that stored in the Event Pending buffer, the code in the buffer is 
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SERIAL 

POLL 

STATUS 

BVTE 

READ 



STATUS REPORTING 
SYSTEM REGISTERS 




3657-311 



Figure 4-14. 7020 status reporting block diagram. 



replaced by the higher priority code, and the lower one moves to the LIFO buffer 
New event codes of lower priority are placed directly into the UFO buffer, and those 
that are oldest are discarded by overflow if the buffer is full. 

Following a serial poll of the 7D20. the controller will usually send an event query to 
the instrument. If such occurs, the current event code is placed on the bus, and the 
event code pending becomes the current event code. See Figure 4-16. which 
illustrates the path of events following a serial poll. 

NOTE 

If the 7D20 is polled twice with no intervening event query, the event 
code pending (from the first status byte) is discarded and lost. This 
occurs so that the relationship between the status byte and the 
corresponding event code will remain consistent. 

When RQS:OFF. status bytes are loaded without causing an SRQ to occur with the 
exception of Fatal Error, which interrupts 7D20 operation regardless of its state 
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7D20 EVENT 



I 



LOAD "FATAL ERROR" 
S.B. INTO CURRENT S.B. 



YES ^X'FATAL'N. 
«RROR EVEI^ 



LOOK UP S B. 
FOR NEW EVENT 



ASSERT SRQ 



S.® NO 

RQS BIT SET>— - 
\ 7 / 



SUSPEND 7D20 
OPERATION 



NEW S B. — 
PRIORITY > PENDIN^ 
\ SB? 



DISCARD NEW S.B. 



LOAD NEW S.B. 
INTO CURRENT S B. 



-^CURRENTX 
>.B. RQS BIT, 
'\SET7^^ 



LOAD NEW E C. INTO 
E.C. LIFO BUFFER 



LOAD OLD CURRENT S B. 
INTO PENDING S B 



LOAD NEW E.C. 
INTO CURRENT E.C 






LOAD OLD PENDING E.C. 
INTO E.C. LIFO BUFFER 




S.B.=STATUS BYTE 
E.C.=EVENT CODE 



END EVENT 
HANDLER 
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Figure 4-15 (cont). Event handler flow chart. 
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E C. = EVENT CODE 
S B. = STATUS BYTE 



3857-313 



Figure 4-16. Serial poll haiKlIer flow chart. 
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Event codes follow very nearly the same path as when RQS;ON, except that the 
prioritizing process does not occur. That is, as event codes occur, they are loaded 
into the LIFO buffer and are discarded by overflow when the buffer is full. 

Service Request Masks 

Upon occasion, the user may set up operations that cause service requests to be 
generated regularly, to the point where they interfere with efficient system 
functioning The 7D20 allows masking all or part of the service request functions to 
prevent service request interference with legitimate programs or operations. Table 
4-5 lists the commands that enable and disable the service request functions 

TABLE 4 5 



Service Request Masks 



Commands 


Description 


RQS ON]OFF 


enables or disables all service request functions except power 
on and fatal error. 


CER ONjOFF 


enables or disables command-error service request 


EXR ONIOFF 


enables or disables execution-error service request, 


INR ONIOFF 


enables or disables internal-error service request. 


EXW ONIOFF 


enables or disables execution-warning service request. 


OPC ONIOFF 


enables or disables operation-complete service request, 


USER ONIOFF 


enables or disables front-panel generated RQS key service 
request. 


PID ONIOFF 


enables or disables probe-identify service request. 


Queries 


Description 


RQS? 


responds with the RQS service request status: RQS<onoff> 


CER? 


1 

1 responds with the CER service request status: CER<onoff> 


EXR? 


responds with the EXR service request status: EXR<onoff> 


INR? 


responds with the INR service request status: INR<onoff> 


EXW? 


responds with the EXW service request status: EXW<onoff> 


OPC? 


responds with the OPC service request status: OPC<onoff> 


USER? 


responds with the USER service request status: USER<onoff> 



TABLE CONTINUED 
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TABLE 4-5 (CONT) 
Service Request Masks 


Queries 


Description 


PID? 


responds with the PID service request status: PID<onoff> 


SRQ? 


responds with all service request settings' 

RQS<onoff>;CER<onoff>;EXR<onoff>;INR<onoff>; 

EXW<onoff>;OPC<onoff>;USER<onoff>;PID<onoff> 

<onoff>::=ON [OFF 



EVENT QUERIES 

Pollowing the reception of a status byte, the controller should send an event query 
to specify the event more precisely. This Is done by use of the query forms: 

EVQTY? 

ALL6VENT? 

EVENT? 

If an SRQ is pending and an event query is sent before a serial poll, the 7D20 will 
return an SRQ PENDING event code to remind the controller that a service request 
is asserted and that a serial poll should be initiated. 

The query ‘ EVQTY? interrogates the 7D20 to find how many event codes are 
pending. It should be noted that the 7D20 stores events as each occurs, even if 
service requests are disabled. The query "EVQTY? should be the first 
interrogation, to determine the event count. The response is: 

EVQTY <NR1> 



if events are pending, and: 



EVQTY 0 



if none are pending. 

The "ALLEVENT? " query causes the 7D20 to respond by reporting all pending event 
codes as follows: 



EVENT <NR1>.<NR1>... 

or if no event codes are pending: 



EVENT 0 

All event codes are cleared from the buffer when this query is made. Figure 4-17 is 
a flow chart of the "ALLEVENT?" sequence. 
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SEND 'SRQ 
PENDING" 
EC. 



'POLLED E C.' 
s. PRESENT?/ 



CURRENT S.B- ^ 
RQS BIT SET? 
(SRQ ASSERTED?) 



CURRENT E.C. 
\PR£SENT?/^ 



SEND POLLED E.C. 



SEND CURRENT 
E.C. 



_^^FNDING E.C^ 
PRESENT?/' 



SEND PENDING 
E.C. 



:LEAR PENDING 
S.B. 



LOAD PENDING 
E.C. INTO 
CURRENT E C. 

I 

LOAD PENDING 
S.B. INTO 
CURRENT S B. 



SEND 

"NULL" 

E.C. 



/ E C UFO \ 
BUFFER EMPTY? 



SEND TOP E.C. FROM 
E.C. UFO BUFFER 



END EVENT? 
HANDLER 



E.C. = EVENT CODE 
S.B. = STATUS BYTE 
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The query 'EVENT? causes the 7D20 to report a single event code. 

EVENT <NR1> 



or: 



EVENT 0 

if none are pending. Figure 4-18 is a flow chart of the event query (EVENT?) 
sequence. 



Event Classification 

Events that are reported by the 7D20 fall into the following classes: 

Command Error: A command error results when a message cannot be 

parsed or lexically analyzed. 

Execution Error: An execution error exists when a message is parsed but 

cannot be executed. 

internal Error; This error results from a malfunction or fault condition 

within the 7020 (self test error). 

System Event: This class includes all events that are not errors or 

warnings. 

Execution Warning: The command received is being executed, but a potential 

problem may exist. 
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Event Codes 

Table 4-6 lists the event codes from the 7D20. divided into the classes listed just 
above. 



TABLE 4-6 
Event Codes 



Code & Mask 


Description 


Command 




Errors (Mask;CER) 




108 


Checksum error in curve transfers 


109 


Illegal byte count value on binary transfers 


151 


Symbol or number too long 


152 


Invalid input or control character input 


153 


Invalid special character after escape 


154 


Invalid number input 


155 


Invalid string input 


156 


Symbol not found 


157 


Syntax error 


158 


Invalid EOl 


159 


Invalid delimiter 


160 


Expression too complex 


161 


Excessive binary curve points 


162 


Excessive ASCII curve points 


Execution 




Errors (Mask:EXR) 




203 


I/O buffers full, output dumped 


250 


Not in HOLD mode 


251 


Illegal waveform number 


252 


Illegal settings memory 


253 


Illegal cursor number 


254 


Settings recall error 


255 


Display reference error 


256 


Turning off cursor waveform display error 


257 


Illegal data memory 


258 


Roll mode, AVE, ENV, negative trigger position error 


259 


Waveform preamble illegal NR.PT 


Internal 




Errors (Mask;INR) 




331 


Selftest failure module #1* 


332 


Selftest failure module H2‘ 


393 


Selftest failure module ff63” 


394 


Selftest completed and failed 



‘The selftest base value is 330. The module number of the failed circuit is added to the base 
value (e.g., module 1141 would have an event code of 330 + 41 = 371 ). Possible event codes 
are 331 through 393. 
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TABLE 4-6 (CONT| 
Event Codes 



Code & Mask 


Description 


System 




Events 




401 (Mask:NONE) 


7D20 Power On 


403 (MaskiUSER) 


User Request (RQS key) 


450 (Mask:OPC) 


Hold after AVEN, ENVN. or HOLD NEXT 


451 (Mask:USER) 


RQS 1 


452 (Mask:USER) 


RQS 2 


453 (Mask:USER) 


RQS 3 


454 (Mask:USER) 


RQS 4 


455 (Mask:USER) 


RQS 5 


456 (MaskiUSER) 


RQS 6 


457 (MaskiPIO) 


CH 1 probe identify 


458 (MaskiPID) 


CH 2 probe identify 


459 (MaskiNONE) 


SRQ (lending 


460 (MaskiOPC) 


Selftest operation complete, passed 


Execution 




Warning (MaskiEXW) 




550 


Volts/Div out of range 


551 


Vertical position out of range 


552 


Trigger level out of range 


553 


Trigger position out of range 


554 


Horizontal Time/Div out of range 


555 


VXPO command out of range 


556 


CSW position out of range 


557 


Set N value out of range 


558 


Cursor position out of range 


559 


ASCII point out of range 


560 


WFMPRE X increment out of range 


561 


WFMPRE point offset out of range 


562 


WFMPRE Y multiplier out of range 


563 


WFMPRE Y zero out of range 



USER-REQUEST FUNCTIONS 

Ordinarily, communications over the GPIB occur from user to controller, then over 
the GPIB to devices like the 7D20. Likewise, a talker-listener like the 7D20 can 
communicate implicitly with the user by way of the GPIB and through the controller. 
Primitive or simple controllers may lack the means to allow the user to 
communicate changes in instructions, save by altering the software or firmware. 
Through the use of the front-panel keypad (MEMORY DISPLAY section) and the 
RQS key, the user can communicate up to six different messages to the controller. 
Without using the RQS key, two more user request functions are available 



4-37 











GPIB— 7D20 



through use of the P6053B probe IDENT button. Thus, the probe can remotely 
initiate 7D20 operations via the controller. In addition, the feature permits probe 
identification from the probe tip to verify that the proper probe has been connected 
to the device under test. 

Use of the feature is as follows: 

1 . The user presses the function f key to shift the front-panel keys to the orange- 
colored functions, then presses RQS #. The prompt field will respond by 
displaying "RQS”. followed by a blinking 

2. The user should now press the appropriate key of the keypad, 1 through 6. This 
generates an SRQ having a unique event code. The prompt field displays 
"RQS", followed by the selected number. In turn, the unique event code 
generated by this action may be used to initiate a preplanned activity on the 
part of the controller. Note that the user can also use only the RQS key, which 
calls forth event code 403. If the GPIB mode is OFFLINE. RQS OFF, or USER 
OFF. the prompt field will display "RQS OFF" and no action will occur, 

3. If the Identify button on either probe is pressed, an SRQ is generated and event 
code 457 or 458 is produced, depending on the probe selected. If the GPIB 
mode is OFFLINE, RQS OFF, or PID OFF. the prompt field will display "RQS 
OFF” and no action will occur. 

The user-request functions allow numerous applications that would otherwise not 
be available. Along with the text feature, this allows the user to produce special 
menus, for example. It is possible to initiate any activity that is possible with the 
controller and accompanying system that can be encoded. For example, a menu 
could be created and transferred to the 7D20 with a TEXT command by the user 
through the front-panel keypad. The keypad is then used to make the menu 
selections, as prompted by the menu. An example follows: 

WFM PARAMETERS 

1 MAX 

2 MIN 

3 P-P 

4 MEAN 

5 RMS 

6 PULSE PARAM MENU 

PRESS ■/■ RQS # TO SELECT 

COMMAND LIST 



Along with the functional classes that come naturally with an instrument such as 
the 7D20 (i.e., vertical, horizontal, display, etc.), the 7D20 command set divides into 
three classes: Menu-related, Front-panel related, and Bus-unique. A very few of the 
commands relate to more than one class, and are so noted in the following 
descriptions. 
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The 7D20 command set is listed in Table 4-7. Each major segment of the command 
list is headed by a graphic representation of the related area for reference by the 
reader. For example, near the beginning of the command list, the commands and 
queries for Channel 1 are listed. At the head of the Channel 1 listing is an 
illustration of the CH 1 area of the front panel of the 7D20, to which those 
commands are closely related. Likewise, the Stored Settings portion of the 
Command List is preceded by an illustration of the Master Menu, which relates 
directly to the Stored Settings commands. Following the Stored Settings commands 
is the Device Trigger commands list, which is preceded by the statement that the 
following set of commands is bus-unique and has no direct counterpart in either the 
front panel or any of the menus. 

Note also that, following most of the major groups m this table, there is a group of 
explanations for the bracketed items. Following the Time/div group, for example, is: 
<time/div>::=<NR3>.which means: 

Time per division is defined as a 
number in exponential notation format. 



TABLE 4*7 
7D20 Command Set 



CHANNEL 1 GROUP 
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TABLE 4-7 (CONT) 
7D20 Command Set 



Command/Query 



CHI VOLTS: <volts/div> 



CHI? VOLTS 



Description 



Sets the channel 1 volts/div lo the valid 
setting nearest <volts/div> 



<volts/div> 


volts/div 


<3.5E-3 


5 mV“ 


3 5E 3 to <7 5E-3 


5 mV 


7.5E-3 to <15E-3 


10 mV 


15E 3 to <35E-3 


20 mV 


35E-3 to <75E-3 


50 mV 


75E-3 to <150e-3 


100 mV 


150E-3 to <350E-3 


200 mV 


350E-3 to <750E-3 


500 mV 


750E-3 to <1.5 


1 V 


1 .5 to <3-5 


2 V 


3.5 to <7.5 


5 V 


>7 5 


5 V 



Responds with the channel 1 volts/div 
setting: 



CHI VOLTS:<volts/div> 



CHI POSITION: <position> 



CHI? POSITION 



Sets the channel 1 position to the valid 
setting nearest <position>. 



<position> 


position (div) 


<-10.25 


-1024“ 


-10 24 to +^10.22 


<position> 


>+10.23 


+10.22“ 



Responds with the channel 1 position 
setting: 



CHI COUPLING: 
AC I GND i DC 

CHI? COUPLING 



CHI POSmON:<position> 

Sets the channel 1 coupling to either AC, 
GND or DC. 

Responds with channel 1 's coupling setting 
CHI COUPLING:<coupling> 



“execution error warning 
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TABLE 4-7 (CO NT) 
7D20 Command Set 



Command/Query 


Description 


CHI VARIABLE: 
ON 1 OFF 


Enables/Disables CH 1 variable gain control. 


CHI? VARIABLE 


Responds with the channel 1 variable gain 
control status: 

CHI VAR!ABLE:<onoff> 


CHI PROBE: <prbcode> 


Command is ignored by the 7D20. 


CHI? PROBE 


Responds with probe attenuation encoding 
for channel 1 ; 

CHI PROBE:<prbcode> 


CHI? 


Responds with all channel 1 settings: 

CHI VOLTS;<volts/div>, 

POSITION: <position>, 

COUPLING:<coupling>,VARlABLE:<onoff>. 

PR08E:<prbcode> 

<volts/div> :;= <NR3> 

<position> ::= <NR2> 

<coupling> :;= AC | GND [ DC 
<onoff> ;:= ON 1 OFF 
<prbcode> ::= 1 | 10 | 1CX} 
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TABLE 4-7 (CONT) 
7D20 Command Set 



CHANNEL 2 GROUP 




CH2 VOLTS: <volts/div> Sets the channel 2 voUs/div to the valid 

setting nearest <volts/div>. 



<volts/div> I volts/div 



<3 


5E 


-3 


5 


mV" 


3.5E-3 


to 


<7.5E-3 


5 


mV 


7.5E-3 


to 


<15E-3 


10 


mV 


15E-3 


to 


<35E-3 


30 


mV 


35E-3 


to 


<75E-3 


50 


mV 


75E-3 


to 


<150E-3 


100 


mV 


150E-3 


to 


<350E-3 


200 


mV 


350E-3 


to 


<750E-3 


500 


mV 


750E-3 


to 


<1.5 




1 V 


1.5 


to 


<3.5 




2 V 


3.5 


to 


<7.5 




5 V 




>7.! 


5 




5 V' 



"execution error warning 
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TABLE 4-7 (CONT) 
7D20 Command Set 



Command/ Query 


Descri ption 


CH2? VOLTS 


Responds with the channel 2 volts/div 
setting: 

CH2 VOLTS:<volts/div> 


CH2 POSITION: <position> 


Sets the channel 2 vertical position to the 
valid setting nearest <position>. 


<position> 


position (div) 


<-10,25 

-10.24 to +10.22 
>+10.23 


-10.24" 

<position> 

+10.22" 


CH2? POSITION 


Responds witit the channel 2 position 
setting: 

CH2 POSITION;<position> 


CH2 COUPLING; 
AC 1 GND 1 DC 


Sets the channel 2 coupling to either AC, 
GNO or DC- 


CH2? COUPLING: 


Responds with channel 2 coupling setting: 
CH2 COUPLlNG;<coupling> 


CH2 VARIABLE: 
ON 1 OFF 


Enables/Disables CH 2 variable gain control. 


CH2? VARIABLE 


Responds with the channel 2 variable gain 
control status: 

CH2 VARIABLE:<onoff> 


CH2 INVERT: 
ON 1 OFF 


Turns inversion of the channel 2 signal 
either ON or OFF 


CH2? INVERT 


Responds with the channel 2 inversion 
setting: 

CH2 INVERT:<onoff> 



"execution error warning 
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TABLE 4-7 (CONT) 
7020 Command Set 



Command/Query 


Description 


CH2? 


PROBE 


Responds with probe encoding for channel 2: 






CH2 PROBE:<prbcode> 


CH2? 




Responds with all channel 2 settings: 






CH2 VOLTS:<volts/div>, POSITION 
<posltlon>. 

COUPL!NG:<coupling>,VARIABLE;<onoff>, 
INVERT: <onoff> : PROBE: <prbcode> 






<volts/div> ::= <NR3> 
<position> ;;= <NR2> 
<coupling> ::= AC | GND j DC 
<onoff> ::= ON 1 OFF 
<prbcode> ::= 1 | 10 1 100 
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TABLE 4-7 (CONT} 
7D20 Command Set 



TRIGGERING GROUP 




Command/Query 


Description 


TRIGGER MODE; 

P-P j AUTO 1 NORMAL 


Sets trigger mode to either peak to peak, 
AUTO, or NORMAL 


TRIGGER? MODE 


Responds with the triggering mode setting: 




TRIGGER MODE:<mode> 


TRIGGER HOLDNEXT: 
ON 1 OFF 


Turns HOLDNEXT either ON or OFF. Retains 
the same trigger level as previously set by 
P-P. AUTO, or NORM. Refer to HOLDNEXT 
in Front Panel controls section for more 
details. Upon entering HOLD, an operation 
complete SRQ is generated if OPCrON. 


TRIGGER? HOLDNEXT 


Responds with the hold next setting: 




TRIGGER HOLDNEXT:<onoff> 
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TABLE 4-7 (CONT) 
7D20 Command Set 



Command/ Query 


Description 


TRIGGER COUPLING: 

AC 1 ACLFREJ | 

ACHFREJ ! DCHFREJ | DC 


Sets trigger coupling to either AC, AC low- 
frequency reject, AC high-frequency reject 
DC high-frequency reject, or DC. 


TRIGGER? COUPLING 


Responds with the triggering coupling: 
TRIGGER COUPLING:<coupling> 


TRIGGER SOURCE; 

MODE 1 CHI i CH2 j 
LINE 1 EXT 1 EXT/ 10 


Sets trigger source to either MODE, CHI , 
CH2. LINE, EXT, or EXT/10. If MODE is 
selected, trigger source is CHI when acquire 
mode is CHI, ADD, or BOTH, and channel 
two when Acquire mode is channel two. 


TRIGGER? SOURCE 


Responds with the triggering source: 
TRIGGER SOURCE:<source> 


TRIGGER SLOPE: 
PLUS 1 MINUS 


Sets trigger slope to either PLUS or 
or MINUS. 


TRIGGER? SLOPE 


Responds with the triggering slope: 
TRIGGER SLOPE;<s!ope> 


TRIGGER LEVEL: <level> 


Sets trigger level to the valid setting nearest 
<level>. 


<level> 


trigger level 


<-6.425 
-6.4 to +6.35 
>+6.375 


-6.4“ 

<levei> 

+6.35“ 




In p-p, +6.35 and -6,4 are scaled to correlate the 
maximum and minimum values of the 
waveform. 


TRIGGER? LEVEL 


Responds with the triggering level setting: 
TRIGGER LEVEL:<level> 



execution error warning 



4-46 



















GPIB-7D20 



TABLE 4-7 (CONT) 
7D20 Command Set 



Command/ Query 


Description 


TRIGGER POSITION: <division> 


Sets position for displaying trigger point to 
the valid setting nearest <division>. 


<division> 


trigger point 


<-1 500.5 
-1500.5 to <10.5 
10.5 or greater 


div -1500“ 
<division> 
div 10* 


Restriction: Maximum position is 10’'’ 
graticule division; minimum is 1 500 divisions 
to left of graticule line zero. In ROLL or EXT 
digitizing modes, the minimum setting with 
ENV or AVE is 0. 


TRIGGER? POSITION 


Responds with the trigger display position 
setting: 

TRIGGER POSITION:<position> 


TRIGGER? 


Responds with all triggering settings: 

TRIGGER MODE:<mode>,HOLDNEXT: 
<onoff>. 

COUPLING:<coupling>,SOURCE:<source>, 

SLOPE:<slope>,LEVEL:<level>. 

POSITION: <position> 

<mode> ::= P-P [ AUTO | NORM 
<coupling> ::=AC | ACLFREJ | ACHFREJ ] 
DCHFREJ 1 DC 

<source> ::= MODE | CHI | CH2 | LINE | 

EXT j EXT/ 10 
<slope> ::= PLUS | MINUS 
<level> ::= <NR3> 

<position> ::= <NR1 > 
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TIME/DIV GROUP 




HORIZONTAL TIME: <time/div> Sets time/div to the valid setting nearest 

<time/d«v>. 



<time/div> 


time/div 


<35E-9 


50 nS‘ 


35E 9 to <75E-9 


50 nS 


75E-9 to <150E-9 


100 nS 


150E-9 to <350E-9 


200 nS 


350E-9 to <750E-9 


500 nS 


750E 9 to <l -5E-6 


1 fjS 


1.5E-6 to <3-5E-6 


2 fjS 


3.5E-6 to <7.5E-6 


5 ^iS 


7.5E-6 to <15E-6 


10 fjS 


15E-6 to <35E-6 


20 fjS 


35E-6 to <75E-6 


50 //S 


75E-6 to <150E-6 


100 fjS 


150E-6 to <350E-6 


200 tjS 


350E-6 to <750E-6 


500 uS 


750E-6 to <1.5E-3 


1 mS 


1.5E-3 to <3.5E-3 


2 mS 


3.5E-3 to <7 5E-3 


5 mS 



a 

execution error warning 
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Description 



Command/Query 



time/div 



10 mS 
20 mS 
50 mS 
100 mS 
200 mS 
500 mS 

1 S 

2 S 
5 S 

10 S 
20 S 
20 S* 



HORIZONTAL? TIME Responds to the time/div setting: 

HORIZONTAL TIME:<time/div> 

HORIZONTAL POSITION: Turns enable for horizontal position knob ON 

ON I OFF or OFF. Sets horizontal pos tion to current 

knob setting or calibrated setting. 

HORIZONTAL? POSITION Responds with the horizontal position 

knob enable state: 

HORIZONTAL POSITION:<position> 

HORIZONTAL CLOCK: Selects internal clock mode with time/div 

INTERNAL ] EXTP | EXTN determined by <time/div> (INT) or external 

clock mode with positive (EXTP) or negative 
(EXTN) edge sensitivity, respectively. 

HORIZONTAL? CLOCK Responds with horizontal clock source: 

HORIZONTAL CLOCK:<hclock> 

HORIZONTAL? Responds with all the horizontal setting: 

HORIZONTAL TIME;<time/div>, 
POSITION:<position>, CLOCK: <hclock> 
<time/div> ::= <NR3> 

<position> ON | OFF 

<hclock> INTERNAL [ EXTP | EXTN 

"execution error warning 
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7D20 Command Set 



DISPLAY GROUP 




3857-320 



Command/Query 


Description 


DISPLAY 1; 
ON 1 OFF 


Turns the waveform 1 display either 
ON or OFF. 


DISPLAY? 1 


Responds with the display status of 
waveform 1 : 

DISPLAY 1:<onoff> 


DISPLAY 2: 
ON 1 OFF 


Turns the waveform 2 display either 
ON or OFF. 


DISPLAY? 2 


Responds with the display status of 
waveform 2; 

DISPLAY 2:<onotf> 


DISPLAY 3: 
ON 1 OFF 


Turns the waveform 3 display either 
ON or OFF. 


DISPLAY? 3 


Responds with the display status of 
waveform 3; 

DISPLAY 3:<onoff> 
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Command/Query 


Description 


DISPLAY 4: 
ON 1 OFF 


Turns the waveform 4 display either 
ON or OFF. 


DISPLAY? 4 


Responds with the display status of 
waveform 4; 

DISPLAY 4:<onoff> 


DISPLAY 5; 
ON 1 OFF 


Turns the waveform 5 display either 
ON or OFF. 


DISPLAY? 5 


Responds with the display status of 
waveform 5: 

DISPLAY 5;<onoff> 


DISPLAY 6: 
ON 1 OFF 


Turns the waveform 6 display either 
ON or OFF. 


DISPLAY? 6 


Responds with the display status of 
waveform 6; 

DISPLAY 6:<onoff> 


DISPLAY CSW: <wfm #> 


Selects waveform <wfm #> as the cursor 
waveform. 


DISPLAY? CSW 


Responds with the cursor waveform number: 
DISPLAY CSW:<wfm #> 


DISPLAY VECTOR: 
ON 1 OFF 


Turns vector display either ON or OFF. 


DISPLAY? VECTOR 


Responds with the vector status: 

DISPLAY VECTOR:<onoff> 


DISPLAY REFERENCE: 
ON 1 OFF 


Turns the cursor waveform reference display 
display ON or OFF. 

Restriction; Reference waveform can only be 
turned on if the cursor waveform is in HMAG 
or VS modes; otherwise, an SRQ is 
generated. 
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Command/Query 


Description 


DISPLAY? REFERENCE 


Responds with the reference cursor waveform 
status; 

DISPLAY REFERENCE:<onoff> 


DISPLAY RDOUT: 


Turns display text lines 1,2,15, and 1 6 


ON 1 OFF 


on or off. DISP RDOUT may be selected 
by means of the Utilities menu. 


DISPLAY? RDOUT 


Responds with readout display status: 
DISPLAY RDOUT:<onoff> 


DISPLAY? 


Responds with the waveform display 
information; 

DISPLAY CSW:<csw>,1 ;<onoff>,2:<onoff>, 
3;<onoff>.4:<onoff>.5:<onoff>.6:<onoff>, 
VECTOR:<onoff>,REFERENCE;<onoff>. 
RDOUT;<onoff> 


COPY 1: <wfm ff> 


Copies waveform 1 to waveform <wfm H>. 


COPY 2: <wfm #> 


Copies waveform 2 to waveform <wfm #>, 


COPY 3; <wfm tt> 


Copies waveform 3 to waveform <wfm S>. 


COPY 4: <wfm #> 


Copies waveform 4 to waveform <wfm ##>, 


COPY 5: <wfm n> 


Copies waveform 5 to waveform <wfm #>, 


COPY 6: <wfm P> 


Copies waveform 6 to waveform <wfm #>, 

<onoff> ON | OFF 

<wfm #>:;=! 1 2 | 3 | 4 1 5 | 6 
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CURSOR WAVEFORM GROUP 




3857-321 



Command/Query 


Description 


CSW VOLTS; <volts/div> 


This command is ignored by the 7D20. 


CSW? VOLTS 


Responds with the cursor waveform's display 
volts/div: 




CSW VOLTS:<volts/div> 


CSW VXPD: <setting> 


Vertically expands or compresses the cursor 
waveform by selecting the display volts/div 
for the cursor waveform. 




<setting> 


display volts/div 




<-2.5 

-2.5 to <1.5 1 

-1.5 to <0.5 ! 

-0.5 to <0.5 
0.5 to <1 .5 
1.5 to <2.5 
2.5 or greater 


2 steps lower than acquired* 
2 steps lower than acquired 
1 step lower than acquired 
same volts/div as acquired 

1 step higher than acquired 

2 steps higher than acquired 
2 steps higher than acquired" 



execution error warning 
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Command/Query 


Description 




Restriction: Waveform memory displays may 
be compressed or expanded no more than 
twice the acquired scale factor (in a 1-2-5 
sequence) without incurring error. VXPD 
does not affect active waveforms except in 
HMAG. or Y vs X modes when the 
REFerence waveform is displayed. In these 
cases, an SRQ is generated. See Section 2, 
Cursor Waveform Keys, for more details. 


CSW? VXPD 


Responds with the cursor waveform's displayed 
volts/div expansion factor: 

CSW VXPD:<setting> 


CSW POSITION; <position> 

i 


Sets cursor waveform's displayed Vertical 
position. 


<po$ition> 


F>osition offset 


<-5.14 

-5.12 to 5.08 
+5.10 or greater 


-5.12" 

<position> 

+5.08" 


The position offset is added to the original 
acquired positon value. Vertical expansion 
will also affect the actual displayed position. 
Position does not affect active waveforms 
except in HMAG, or Y vs X modes when the 
REF waveform is displayed. See Section 2. 
Cursor Waveform Keys, for more details. 


CSW? POSITION 


Responds with the cursor waveform's display 
position: 

CSW POSITION:<position> 


CSW HMAG: 
ON ! OFF 1 


ON and OFF turns horizontal magnification on or 
off, respectively, for the CSW waveform. ALLON 



ALLON 1 ALLOFF and ALLOFF affects all displayed waveforms. 



"execution error warning 
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7D2C Command Set 



Command/ Query 


Description 


CSW? HMAG 


Responds with the cursor waveform s hmag 
setting: 

CSW HMAG:<hmag> 

An OFF response indicates the cursor waveform 
is not magnified, but other waveforms may be. 


CSW VS: <wfm «> ! 


Displays the cursor waveform versus waveform 
<wfm ft>. 


0 


Turns cursor waveform VS display OFF 


CSW? vs 


Responds with the cursor waveform's versus 
status: 

CSW VS:<versus> 

To interrogate the VS status of waveforms other 
than the cursor waveform, the cursor waveform 
must be reselected. 


CSW? 


Responds with the display information for 
cursor waveform; 

CSW VOLTS:<voits/div>.VXPD:<setting>. 

POSITION; <position> , 
HMAG<hmag>.VS:<versus> 

<volts/div> ::= <NR3> 

<set(ing> :;= -2 | -1 | 0 | 1 2 

<position> ::= <NR2> 

<hmag> ;;= ON | OFF | ALLON | ALLOFF 
<versus> <wfm S> ] 0 
<wfm f#> ;;= 1 I 2 i 3 I 4 I 5 I 6 
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7D20 Command Set 



ACQUISITION GROUP 




Command/Query 


Description 


AQR MODE; 

CHI 1 BOTH i 
ADD 1 CH2 


Sets acquire mode to either CHI , BOTH, 
ADD, or CH2. Refer to front-panel section 
for more details on AQR mode. 


AQR? MODE 


Responds with the acquire mode setting: 




AQR MODE:<mode> 


AQR HOLD: 
ON 1 OFF 


Turns acquire hold either ON or OFF. 


AQR? HOLD 


Responds with the acquire hold status; 




AQR HOLD:<hold> 
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7D20 Command Set 



Command/Query 


Description 


AQR SET: <n> 


Sets N to <n>. N is the number of 
averages or envelopes, as appropriate. 




<n> 


N 




<6 

6 to <12 
12 to <24 
24 to <48 
48 to <96 
96 to <192 
192 to <384 
384 or greater 


8® 

8 

16 

32 

64 

128 

j 256 

j 256" 


AQR? SET 


responds with <n>; 






AQR SET:<n> 


AQR TYPE: 
NORMAL 


Acquires waveform(s) normally. Terminates 
HOLD condition. 


AVE 


Averages waveform(s) continuously. 
Terminates HOLD. Averages Wfm 1 or Wfm 
2 as determined by AQR Mode control. A 
GPIB AVE command received during AVE is 
ignored. AVE terminates ENV, ENVN, SETN, 
and AVEN.* 


AVEN 


Averages waveform(s) N times. If AVEN is 
received during AVE then AVE is terminated 
and AVEN executes. Upon completion of the 
AVEN operation, an operation complete SRQ 
is generated when the 7D20 enters HOLD.® 


ENV 


Envelopes waveform(s) continuously. 
Terminates HOLD. Wfm 1 or Wfm 2, as 
determined by AQR MODE, acquire envelope 
processed data. 




GPIB ENV commands received during 
execution are ignored. 




ENV terminates AVE. 
ENVN.® 


AVEN, SETN, and 



*See Section 2 for more information 
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7D20 Command Set 



Command/Query 


Description 


ENVN 


Envelopes waveform(s) N times. 

Upon completion of the ENVN operation, an 
operation complete SBQ is generated when 
the 7D20 enters HOLD," 


AQR? TYPE 


responds with the acquire type status: 
AQR TYPE:<type> 


AQR? 


returns the current acquisition status: 

AQR MODE:<mode>.TYPE:<type>» 
HOLD;<hold>.SET:<n>, 

<mode> ::= CHt | BOTH | ADD | CH2 

<hold> ::= ON 1 OFF 

<n> 8 1 16 1 32 1 64 1 128 1 256 

<lype> ;:= NORMAL | AVE | AVEN 1 ENV | ENVN 
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CURSOR GROUP 




38b /-323 



Command/Query 


Description 


CURSOR MODE: 
INDEP 1 ALIGN 


Sets cursor mode lo INDEP or ALIGN. 


CURSOR? MODE 


Responds with the cursor mode: 

CURSOR MODE:<mode> 


CURSOR DELTA: 
ON 1 OFF 


Turns cursor 2 either ON or OFF. 


CURSOR? DELTA 


Responds with the cursor delta mode: 
CURSOR DELTA:<onoff> 


CURSOR 1: <point #> 

p/w = 820: 
p/w = 1024: 


Sets cursor 1 to the valid position 
nearest <point#>. 


<point #> 


point H 


<-0.5 

-0-5 to <819.5 
>819.5 


O' 

<point a> 
819' 


<-0.5 

-0.5 to <1023.5 
>1023.5 


0* 

<point «> 
1023' 



'execution error warning 



4-59 

























GP1B-7D20 



TABLE 4-7 (CONT) 
7020 Command Set 



Command/ Query 


Description 


CURSOR? 1 


Responds with cursor 1 's point #; 
CURSOR 1:<point#> 


CURSOR 2: <point #> 


Sets cursor 2 to the valid position 
nearest <poinl #>. 


<point tt> 


point tt 


p/w = 820: 


<-0.5 

-0.5 to <819.5 
>819.5 


0“ 

<poinl 

819* 


p/w = 1024: 


<-05 

0.5 to <1023.5 
>1023.5 


0* 

<point #> 
1023“ 


Restriction: Cursor 2 may not be set to 
a position less than Cursor 1 , 


CURSOR? 2 


Responds with cursor 2's status: 
CURSOR 2;<point #> 


CURSOR? 


Responds with the cursor status: 

CURSOR MODE;<mode>.DELTA:<onoff>,1: 
<point #>.2:<point #> 

<mode> :;= tNDEP | ALIGN 
<poini #> :;= <NR1 > 

<ono(f> ON | OFF 


COORD? VCRD 


Responds with the displayed vertical 
cursor coordinate {AV value if cursor 
delta mode is on): 

COORD VCRD:<vert coord> 


COORD? HCRD 


Responds with the displayed horizontal 
cursor coordinate (At value if cursor delta 
mode is on): 

COORD HCRD;<horz coord> 



execution error warning 
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7D20 


Command Set 


Command/Query 


Description 


COORD? 




Responds with the displayed cursor 
coordinates: 






COORD VCRD:<vert coord>.HCRD: 
<horz coord> 






<vert coord> ::= <NR3> 
<horz coord> ::= <NR3> 



STORED SETTINGS GROUP 



HCHU 



|.« STOne ^AHEL • 

2.0 KCALL TAHEl • 

9 DISPLAY CAL PATTERN 
4 UTILITIES 



3857-324 1 




Command/Query 


Description 


STORE <set fl> 


Stores front panel settings in memory 
location <sei tt>. 


RECALL <set tt> 


Recalls front panel settings from memory 
location <sei #>. 




<set #>::=! | 2 | 3 ] 4 5 1 6 
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DEVICE TRIGGER 



Device Trigger is Bus-unique: 
in the 7D20. 


NOTE 

that is, no front-pane! equivalent exists 


Command/Query 


Description 


DT OFF 1 

HOLD 1 HOLDNEXT ] 
AVE 1 AVEN 1 
ENV i ENVN 1 
normal I 


Disables 7020 response to GET. 

Executes deferred command on GET 
interface message. Only one deferred 
command may be triggered from each 
GET. Clears previous pending deferred 
commands without executing them. 


DT? 


Responds with deferred command to be 
executed on next GET interface 
message. 




DT <deferred command> 




<deferred command> ;:= OFF HOLD | 
HOLDNEXT | AVE 1 AVEN | ENV j ENVN | 
NORMAL 
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INITIALIZATION GROUP 



NOTE 



The Initialization Group is Bus-unique. 



Command/Query 


Description 


INIT 


Pull initialization equivalent to an INIT 
PANEL, WAVEFORM, GPIB command. 


INIT PANEL 


Initializes front panel settings as described 
in front-panel section. 


INIT WAVFRM 


Initializes waveform memories 1-6 by 
setting the vertical data and vertical 
zero reference fVZR) values to zero and 
display attributes fVPUP, VPDN, VXPD, 
VCMP, HMAG, VS, and REF) to the off 
condition. 


INIT GPIB 


Initializes the status of the following 
functions, which affect GPIB operation; 

Sets: 

1 DT OFF 

1 RQS ON 

! CER ON 

EXR OFF 

INR ON 

SYS ON 

EXW ON 

OPC ON 

USER ON 

PID OFF 

DEBUG OFF 

LONGFORM ON 
RECORDING OFF 
DATA MEMORY;! 

DATA ENCOOING:BINARY 
DATA INTERPOLATE OFF 

Clears: 

Event Buffer 
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7D20 Command Set 



SELREST 



TFST MENU 

1 EXECUTE SELFTEST 

2 « CALIBRATION « 

3 a EXTEHOEO TEST 9 

4 a CIRCUIT EKERCISER a 

a SERVICE ONLY $ 



3857-325 



The 7D20 performs a selftest routine that tests 63 circuit modules. If a fault 
condition is detected, an SRQ is generated with an Internal Error status byte. An 
event query may be used to determine the specific module at fault. When the 
selftest is complete, an SRQ and an Operation Complete status byte are generated. 
Upon completion or exit from the selftest routine, the front panel settings are 
restored to the status prior to selftesi and the waveform memory is initialized. 



Command/Query 


Description 


TEST START | 


Initiates seUtest routine. 


CONTINUE 1 


Continues selftest routine having halted 
on fault condition. 


EXIT 


Exits selftest routine that has halted on fault 
condition. Will not terminate an executing 
seiftest 


TEST 


Same as TEST START. 
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7D20 Command Set 

NOTE 

Additional information is included in the service manual. 

CALIBRATION GROUP 



CALieHATlOH 

• SEAVICE ONLY • 

I FAST AAHA CAIH^CfiUHT 
i VCATtCAL DISALAY OAC 

3 FOStTlOH OFFSET 

4 AOSITtOH CAIN 

5 TEST MENU 



3857-326 



Command/Query 


Description 


CAL DISPLAY 1 


Turns front-panel display calibration 
pattern on. 


DDACi 


Initiates vertical display DAC calibration 
routine. 


POSOFF 1 


Initiates vertical position offset calibration 
routine. 


POSGAIN 1 


Initiates vertical position gain calibration 
routine. 


rampI 


Initiates fast ramp calibration routine. 


OFF 


Turns off selected calibration routine. 


CAL? 


Responds with calibration selection status: 

CAL DISPLAY I DDAC 1 VERTICAL 1 
POSOFF I POSGAIN 1 RAMP 1 OFF 


RAMP? 


Responds with fast ramp calibration routine 
offset gain and count values: 

RAMP GAIN:<gain>,COUNT:<count> 

<gain> :: = <NR2> 

<count> :: = <NR1> 



REV APR 1984 



4-65 

















GPIB— 7D20 



TABLE 4-7 (CONT) 
7D20 Command Set 

SERVICE REQUEST GROUP 

NOTE 



These Commands and Queries are all bus-unique; that is. no front- 
pane! equivalents exist. 



Command/Query | 


Description 


RQS ON 


1 OFF 


Enabies/disables all service request functions 
except power-on. 


RQS? 




RespofKJs with the RQS service request 
status: 

RQS<onoff> 


CER ON 1 


OFF 


. Enables/disables command-error service 
' request. 


CER? 




Responds with the CER service request 
status: 

CER<onoff> 


EXR ON 


1 OFF 


Enables/disables execution-error service 
request. 


EXR? 




Responds with the EXR service request 
status: 

EXR<onoff> 


INR ON 1 


OFF 


Enables/disables internal-error service 
request. 


INR? 




Responds with the INR service request 
status: 

INR<onoff> 


EXW ON 


1 OFF 


Enables/disables execution-warning service 
request. 


EXW? 




Responds with the EXW service request 
status; 






EXW<onoff> 
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7020 Command Set 



Command/Query 


Description 


OPC ON 


i OFF 


Enables/disables operation-complete service 
request. 


OPC? 




Responds with the OPC service request 
status: 

OPC<onoff> 


USER ON 


1 OFF 


Enables/disables front panel generated 
RQS Key service request. 


USER? 




ResporMjs with the USER service request 
status: 

USER<onoff> 


PID ON 1 


OFF 


Enabies/disables probe-ID service request. 


PID? 




Responds with the PID service request 
status: 

PID<onoff> 


SRQ? 




Responds with all service request settings: 

RQS<onoff>;CER<onoff>;EXR<onoff>; 

INR<onoff>;EXW<onoff>;OPC<onoff>; 

USER<onoff>;PID<onoff> 

<onoff> ::= ON | OFF 
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7D20 Command Set 



WAVEFORM PREAMBLE GROUP 

NOTE 

The Waveform Preamble Group is Bus-unique. 



Command/Quory 



Description 



NOTE 

WFMPRE commands that are not used by the 7020 will be accepted as 
part of the waveform preamble or individually, but 'will be ignored. No 
error or warning will be issued. This permits preamble outputs to be 
input without generating unnecessary service requests. 



WFMPRE WFID: 


Command is not used by 7D20. Destination 
waveform is set with the DATA command, 


WFMPRE? WFID 


Responds with the current source wave- 
form's number and indicates if inter- 
polation will be applied to curve 
data: 

WFMPRE WFID:<wfmld> 


WFMPRE ENCDG; 


Command is not used by 7D20. Data 


ASCII 1 BINARY 


encoding is set with the DATA command. 


WFMPRE? ENCDG 


Responds with the current curve encoding: 
WFMPRE ENCDG:<encdg> 


WFMPRE NR.PT; 
820 1 1024 


Sets number of points to input to 820 | 1024. 


WFMPRE? NR.PT 


Responds with the current source 
waveform's points/ waveform: 

WFMPRE NR.PT:<p/w> 


WFMPRE PT.FMT: Y 


Command is not used by 7D20. Point format 
is fixed as Y format. 


WFMPRE? PT.FMT 


Responds with a point format of Y: 
WFMPRE PT.FMT:Y 



4-68 




















GP1B-7D20 



TABLE 4-7 (CONT) 

7020 Command Set 

Command/Query Description 



WFMPRE XINCR: <x incremeni> Sets time between points to 

<x mcrement>. 

<x increment> ::= time/div / 80 points/ 
division for 820 point waveforms. 

<x increment^ time/div / 1 00 points/ 
division for 1024 point waveforms 

WFMPRE? XINCR Responds with the time between points of 

the current source waveform: 

WFMPRE XINCR:<x increment> 

WFMPRE PT.OFF: <point #> Selects the waveform point at which the 

cursor reads time zero. Range is -150,000 
<point # <1023, where point 0 is the left- 
most displayed point on the waveform. An 
execution error warning is given if an out of 
range condition occurs. 

WFMPRE? PT.OFF Responds with the trigger point #: 

WFMPRE PT.OFF:<point #> 

WFMPRE XZERO: 0 Command is not used by 7020. XZERO is 

fixed as 0. 

XZERO Responds with an XZERO of 0: 

WFMPRE XZEROiO 

WFMPRE XUNIT: S Sets displayed horizontal scale factor unit for 

waveforms input from the curve command. 

WFMPRE? XUNIT: <xunit> Responds with XUNIT, 

WFMPRE XUNIT:<xunit> 

WFMPRE YMULT: <y multiplier> Sets vertical scale (volts/div) to <y multiplier>. 

WFMPRE? YMULT Responds with the current source waveforms 

vertical scale factor: 

WFMPRE YMULT:<y multiplier> 
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TABLE 4-7 (CONT) 
7D20 Command Set 



Command/Query 


Description 


WFMPRE YZERO: <y zero> i 


Sets Y zero to <y zero>. 

<y zero> ::= -(volts/div VZR (vertical 
zero reference)) 

Where VZR is prior to vertical expansion, 
or positioning. 


WFMPRE? YZERO 


Responds with the current source 
waveform vertical zero: 

WFMPRE YZERO:<y zero> 


WFMPRE YUNIT: V 


Sets displayed vertical scale factor unit for 
waveforms input from the CURVE command. 


WFMPRE YUMIT: <y unK> 


Responds with YUNIT, 

WFMPRE YUNIT; <y unit> 


WFMPRE 8YT/NR: 1 


Command is not used by 7D20, Binary 
data field width is fixed as one byte. 


WFMPRE? BYT/NR 


Responds with a field width of 1 byte: 
WFMPRE BYT/NR:1 


WFMPRE BN.FMT: LF 


Command is not used by 7020 Binary 
number format is fixed as binary- 
fraction. 


WFMPRE? BN.FMT 


Responds with a number format of binary 
fraction; 

WFMPRE BN.FMTiLF 


WFMPRE BIT/NR: 8 


Command is not used by 7D20. Binary 
data precision is fixed as eight bits. 


WFMPRE? BIT/NR 


Responds with a precision of 8 binary 
bits: 

WFMPRE BIT/NR:8 
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TABLE 4-7 (CONT) 
7D20 Command Set 



Command/Query 



Description 



WFMPRE? CRVCHK 



Responds with binarv curve that 
includes a checksum: 



WFMPRE CRVCHK: CHKSMO 



WFMPRE? 



Responds with the current source 
waveform's preamble: 



If ASCII; 

WFMPRE WFID:<wfmid>,ENCDG:ASCII, 
NR.PT:< p/w>,PT,FMT:Y.XINCR;<x incre- 
ment>.PT.OFF:<point #>.XZERO:0. 
XUNIT:<xunit>YMULT:<v multiplier>, 
YZERO;<y zero>,YUNIT:<y untt>. 

If binary: 

WFMPRE 

WFID:<wfmid>,ENCDG;BINARY, 
NR.PT:<p/w>,PT.FMT:Y,XINCR:<x incre- 
ment>.PT.OFF:<polnt #>,XZERO:O.XUNIT; 
<xunit>YMULT:<y multiplier>,YZERO: 

<y 2 «ro>.Y UNIT;<y unit>, 

BYT1NR;1.BN.FMT:LF, 

BIT1NR;8,CRVCHK:CHKSM0, 

<wfm #>::=! 1 2 | 3 j 4 | 5 | 6 
<encdg> ASCII | BINARY 
<x incremeni> ::= <NR3> = time/div / 
poinls/div 

<point #> ::= <NR1 > 

<x multiplier> ;:= <NR3> = vertical scale 
factor 

<y zero> <NR3> = -(VZR • vertical 
scale factor) 

<wfmid> ;;= W <wfm #> I | W <wfm #>, 
where I indicates interpolated data. 

<x unit> Capability to be set to any 
one of the the 7D20 single character set, 
except for (,), (;), or ESC (escape). 

<y unit> ::= Same as above, if x unit or y unit 
is set to the 7D20 will interpret this as a 
blank unit or space. 
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TABLE 4-7 (CONT) 
7D20 Command Set 



WAVEFORM CURVE 

NOTE 

Waveform Curve is Bus-unique 



Command/Query 


1 

Description 


CURVE <ASCll curve> 


Loads destination waveform with 
<ASCII curve>. 


<binary block curve> 


Loads destination waveform with 
<binary block curve>. 




<ASCII curve> <ASCII point>',<ASCII point>). . , 




<binary block curve> :;=%<binarycount><binary 
point> . . . <checksum> 


CURVE? 


Responds with the current source 
waveform's curve: 




If ASCII: 

CURVE <ASC!I point>,<ASCII pofnt>}... 




If binary: 

CURVE %<binary count><binary point>... 
<check$um> 




<ASCII point> ::= <NR2> 

<binary count> ::= two bytes representing 

number of data points +1 

<binary point> ;:= 8-bit byte (00 | 01 | 

02 !...[ FE 1 FF) 

<checksum> ::= 2’s complement of the 
modulo 256 sum of the preceding binary 
data bytes and the binary count but not 
the "%" preceding the binary byte count. 
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TABLE 4-7 (COM) 
7D20 Command Set 



WAVEFORM PREAMBLE AND CURVE 

NOTE 

Waveform Preamble and Curve is Bus-Unique 



Command/Query 


Description 


WAVFRM? 


Responds with 

<preamble><curve> 

<preamble> ;:= response to WFMPRE? 
<curve> :;= response to CURVE? 


DATA ENCDG: 
ASCII 1 BINARY 


Sets encoding for transmission of 
waveform data from 7D20 as binary 
or ASCII. 


DATA? ENCDG 


Responds with curve data encoding for 
waveforms transmitted from 7D20; 

DATA ENCDG:<encdg> 


DATA INTERPOLATE: 
ON 1 OFF 


Sets 820 to 1024-point interpolation mode 
for all Extended Real-time 
Waveforms transmitted from 7D20. 


DATA? INTERPOLATE 


Responds with status of interpolation 
mode: 

DATA INTERPOLATE:<onoff> 


DATA MEMORY; <wfm tt> 


Sets memory destination and source for 
all waveform data transmission to and 
from 7020. 


DATA? MEMORY 


Responds with source/deslination for 
waveform data transmission: 

DATA MEMORY:<wfm #> 


DATA? 


Responds with data command status: 

DATA ENCDG:<encdg>;DATA 
INTERPOLATE:ON 1 OFF 
DATA MEMORY:<wfm tf> 

<encdg> ASCII BINARY 

<wfm #>::=! | 2 | 3 | 4 5 6 



REV SEPT 82 



4-73 











GP1B-7D20 



TABLE 4-7 (CONT) 
7D20 Command Set 



READOUT/TEXT 



NOTE 



Readout/Text is Bus-Unique. 



Command/Query 


Description 


TEXT "text" 


Displays text in center 12 lines of CRT. See 
discussion on TEXT command earlier in 
this section. 


TEXT? 


Responds with the center 1 2 lines of 
display text: 




TEXT "<line 3><CR><line 4> 
<CRx|ine 5><CR>. . . 

<line 12><CRxline 13> 
<CRx|ine 14><CR>" 




<Iine 3> ::= third line of display 
<line 4> fourth line of display 




i <line 13> thirteenth line of display 
<line 14> ::= fourteenth line of display 



NOTE 

A double quote ("J within a line must be sent as two double quotes (" "). 



RDOUT? 



Responds with the four lines of readout: 



RDOUT "<line 1 ><CR><line 2> 
<CRx|ine 15><CR> 

<line 16><CR>" 

<CR>::= carriage return 
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TABLE 4-7 (CONT) 
7D20 Command Set 



PROGRAMMING AIDS 

NOTE 



The following commands and queries are bus-unique. 



Command/ Query 


Description 


ID? 


Responds with the 7D20's ID: 

ID TEK/7D20,V81 .1 ,<rom>. <patch> 

<rom> 2 character ROM version 

<palch> 2 digit PATCH revision 


SET? 


Responds with the front panel settings: 

<ch1>;<ch2>;<horz>;<aqr>;<csw>;<disp>; 

<trig>;<curs> 

<ch1> ::= response to CH1 ? 

<ch2> :r= response to CH2? 

<trig> response to TRIG? 

<horz> ::= response to HORIZ? 

<disp> response to DISP? 

<csw> ::= response to CSW? 

<aqr> ::= response to AQR? 

<curs> :;= response to CURS? 


HELP? 


Responds with a list of all valid 
command headers: 

CHI. CH2. TRIGGER. HORIZONTAL, 
DISPLAY.COPY, CSW. AQR, CURSOR, 
STORE. RECALL.DT, INIT, TEST. CAL. 
RQS. CER, EXR, INR. EXW, OPC. 
USER. PID, SRQ, WFMPRE. CURVE. 
DATA. WAVFRM, TEXT. DEBUG. 
RECORDING, LONGFORM 


DEBUG ON 1 OFF 


Turns on debug option. Commands are 
displayed in the order of occurrence on the 
screen area normally used by text 
commands and menus. A command or query 
that follows an EOl will clear the text area 
before it is displayed. If an error occurs, the 
erroneous item is displayed, followed by the 
16-bit error code describing the type of 
error. Control characters are displayed 
as Lower case characters are display- 
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TABLE 4-7 (CONT) 
7D20 Command Set 



Command/Query 


Description 


DEBUG ON 1 OFF (cont) 


ed as upper-case characters. An EOl is 
displayed as an exclamation mark (1). ASCII 
waveform transmissions are displayed, 
binary waveform transmissions are not. 


DEBUG? 


Responds with the debug status; 

DEBUG<onoff> 


LONGFORM ON OFF 


Affects results when querying response to 
either receive longform or shortform of 
Command or Query. 


LONGFORM? 


Responds with the LONGFORM status: 
LONGFORM ON or LO OF 


RECORDING ON OFF 


By using a controller and the RECORDING 
command, it is possible to get longer record 
lengths. The RECORDING mode works only 
from 100 mS/div to 20 S/div, including EXT 
clock mode. In the other time/div regions, 
RECORDING will have no effect. RECORDING 
may be used with any acquire mode, and with 
the normal, AV6 and ENV, acquire types, 
RECORDING allows the user to read out 
points using a CURVE? command. 1 k at a 
time. The waveforms appear to roll across the 
screen, just as in non-RECORDlNG mode, but 
every time 1024 new points have been 
acquired they are copied into a RAM buffer 
accessible via the CURVE? command. There is 
a separate buffer for each channel. The user 
knows it is time to do the next CURVE? 
command, when an OPC service request (66 
or 82) is produced by the 7D20. if the user 
receives the service request before the 1024 
points have been read out from the CURVE?, 
then an overrun condition has occurred, and 
either the controller needs to take less time to 
read in the curve, or you should use a slower 
time/div. 


RECORDING? 


Responds with RECORDING status: 

RECORDING ON or RECORDING OFF 
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SAMPLE PROGRAMS 



INTRODUCTION 

The following pages contain sample programs that may be used in the design of 
programs that fit task-related applications and specific requirements where a 7D20 
is used. The programs are set up for both a Tektronix 4050-series and 4041 
controller. Also, the programs are divided into two classes, operations and 
applications. Each of the programs consists of four parts: Introduction, Remarks, 
Program, and Comments, where each applies. 

SAMPLE PROGRAM LIST 

4050-Series Operating Programs 

1. Text Generation: 4050-Series to 7D20. 

2. Transfer text to Controller. 

3. Transfer Waveform Data to Controller— ASCII formal. 

4. Transfer Waveform Data to Controller— binary format. 

5. Transfer Waveform Data to 7D20— ASCII format. 

6. Transfer Waveform Variables and Arrays to 7D20. 

7. Query routine. 

8. Implement and store 7D20 settings. 

9. Query functions. 

10. Print Poll statement. 

4050-Series Application Programs 

1 . Event Capture. 

2. Store 7D20 settings on Magtape. 

3. SRQ Decoding Routine. 

4041 Operating Programs 

1. ASCII String Array Waveform Transfer to controller, 

2. ASCII String Array Waveform Transfer to 7D20. 

3. Binary Numeric Array Waveform Transfer to controller. 

4. Binary Numeric Array Waveform Transfer to 7D20. 

5. Output 7D20 Front-panel Settings— String Array. 

6. Input 7D20 Front-panel Settings — String Array. 

7. Setting the 7D20 to Remote. 

8. Setting the 7D20 to Local. 

9. Text Transfer: 7D20 to Tape. 

10. Text Transfer: Tape to 7D20. 

11. Text Generation: controller to 7D20. 

4041 Application Programs 

1 . SRQ Handler 

2. Store and Recall Front-panel Settings. 

3. Event Capture. 
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4050-Series Operating Programs 

1. Text Generation: 4050-Series to 7D20. This program displays text 
information on crt displays of 7D20 signals. By means of this program, dates, 
sample numbers, operator names, etc., may be entered. The 4050 constructs an 
ASCII string that consists of individual lines of text that are to appear on the 
oscilloscope crt. The lines of text are separated by a carriage return character. 



REMARKS; 

/t»l? «£« * T£ti7 fftOH TO 7BS0 CRT 

110 RFM * 7DiO GP/P DBOICI ODOP.iSS 

lio PtH * 

,/Jt! Pt(f » LIH17 }S Jo CIIOPOCieRS P£P- LJHi OF l£XT 

/?£« *■ LlHJT OF (lPPPOF2Hft7£Ly JOO CHOPflC7£RS TOTPL 
ISO P.£H 

luO P£M ' BLIILD 7£xr IH S7P100 1* 



PROGRAM: 



17a fi-20 

lea ON SRQ THEN saa 
19a DIM TS<12«3S> 

2aa PRINT "INPUT TEXT AS IT IS TO BE OISPLAVED ON 7D2a- 
2ia PRINT "<SPACEXRETUPN>FOR A BLANK LINE" 

22a PRINT "<RETURN> ONLY TO END INPUT" 

23a L*a 
24a T~a 
2Sa T«»CHR(34) 

26a Q«-T« 

2?a C«»CHR!13) 

28B FOR 1-1 TO 12 
29B PRINT " — >"l 
3«a INPUT L« 

Sia IP L£N(L»X1 THEN 46B 

320 IF LEN<L*)»L£N<C*)>36 THEM 390 

330 L»LEN<L«) 

340 T*T*L 

350 IFT>iaa THEN 410 
360 T*-T»I.L* 

370 T*-T*I.C* 

380 GO TO 450 

390 PRINT "TOO MANY CHARACTERS, RE-ENTER LINE" 

400 GO TO 290 

410 PRINT "TEXT EXCEEOS 100 CHARACTERS BV-.T-100 
420 PRINT "RE-ENTER LINE TO CONFORM TO LIMITS" 

430 T-T-L 
440 GO TO 290 
450 NEXT I 
460 S=0 
470 T*=T*tiQ* 

480 PRINT »A: "TEXT", T« 

490 END 

500 POLL D,S; A 
510 RETURN 
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COMMENTS: 



17^1 SET 7D2lil GPI6 bEVICfc ADDRESS 
1B0 ENABLE SRO HANDLER AT LINE 470 
190 DIMENSION TE>T STRING T* 

20k-i-r2i'i FRINT INSTRUCTION SET 

230-270 INITIALIZE VARIABLES 

2HW LOOT' COUNTER TOR TWELVE LINES OF lEXT 

J?0 PROMPT THE USER TO ENTER ONE LINE OF TEXT 

TOO INPUT ONE LINE OF TEXT 

310 CHECK FOR LAST LINE OF TEXT 

32l;i CHECK FOR LINE THAT EXCEEDS LEGAL LENGTH 

330-350 CHECK FDR TOTAL TEXT LENGTH LESS THAN 1(90 CHAR 

34>0 ADD CURRENT LINE TO PREVIOUS TEXT IN T* 

.■,;0 Alin CARRIAGE RETURN TO END OF LINE 

3Glil JUMP TU LINK 45.0 

3‘?0 PRINT ERROR MESSAGE 

4iii0 JUMP TO LINE 290 

410-420 PRINT ERROR MESSAGE 

44|>i JUMP Ml LINE .'90 

450 END 01- LUUP 

44)0 CLEAR S1ATUS FLAG 

470 AIJD aUOTAIION MARK TO END OF TEXT SIRING 
400 PREPARE THE 7D20 TO ACCEF-T lEXI INFORMAIIUN AND 
SEND THE TEXT STRING 
490 STOP 

500 SERIAl.. POLL IHE 7D70S S=STATUS BYTE 
5Ui> RETURN FROM SRQ HANDLING ROUTINE 
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2. Transfer text to 4050-series. This program causes the controller to read the 
four lines of readout data and any text that appears on the 7D20 display. The four 
lines of readout are each assigned to an ASCII string for proper placement when 
printed on llie controller graphics display. 



REMARKS: 



./lUt P.LH • JPi)HSFEP. JC/iJ fPOH TOStf DISPLUV 70 ■/OiO 
JJO Pin * 

Pin « 7 D 20 PODPISS * -P" 



PROGRAM: 



130 


A- 20 






140 


ON SRO THEN 


300 


I4S 


MBYTEa20: 




150 


DIN T«<200) 




l£>0 


PAGE 






170 


PRINT 


»A«"RD0ur?'' 


180 


INPUT 


9AiA« 


,B»,C*,D« 


190 


PRINT 


A« 




200 


PRINT 


e« 




205 


FOR !• 


•l TO , 


12 


210 


PRINT 


SAi "TEXT?" 


220 


INPUT 


8A|T« 




230 


PRINT 


T» 




250 


DELETE 


: T* 




260 


NEXTI 






270 


PRINT 


c« 




2S0 


PRINT 


D« 




290 


END 






300 


POLL C 


>,S(A 




310 


RETURN 





COMMENTS; 



1 SET 7D2«> (iPlb DEVlCfe. AODKb'SS 
1 4^) ENAbiLE SKU llANDLEr< AT LINE 2/0 
1S0 DlllLNSION IHE rEX'l ARRAY 
FAGE THE GRaMiH.-S DISPLAY 
1/0 heUUESI (HE 7U20-S READOUT DATA 

1H(0 INIHIT EACH LINE OF READtlUT INTO A SEPARATE STRING 
1 Y 0 PRINT THE FIRST LINE OK READOur 
PhJN! Hit BLCPNl) LINE OF READOUT 
/0S-l’ovi INPUT AfJD l-RINl IHE )_> LINES OF TEX) 

.'/i-l PRINT fHE TllIRD LINE OF HEADQUI 
280 FRJNI IHE K.iURIH LINE OF READOUf 
8 1 UP 

J.0V' L-ERiAL l-GI L IHE 7OP0s S=-STATUS BYTE 
:H:' RtllJRN FFiHH ■JRO HANOI ING RlMiriNt 
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3. Transfer Waveform Data to ControHer—ASCII format. Using the ASCII 
format, transferring data from the 7D20 to the controller is relatively simple. Once 
the string arrays are dimensioned, all that is left is to input the waveform preamble 
and curve informatton. 



REMARKS: 



R£M 
120 RLH 
JS0 R£H 
l■^0 R£H 



JPI)t4Sf£R nnn£FORH FROM MEHORV I To UlSCI 1 

otoice flooefss 

INRUJ RMCFlTF!M PP.£F,MSl[ INTO ASCII STRING I't 
INPl'l NfHitH'HN CURbE INTO ASCII SIRINO Nf 



PROGRAM: 



150 A^20 

160 ON SRO THEN 260 
170 DIM P« (200) ,U»<7000> 

IB0 S«0 

190 PRINT 5Aj"DATA ENC06: ASC" 
200 PRINT 3A:"OATA MEHi 1 “ 

310 PRINT 8Ai ''WFMPRE7'- 
220 INPUT SA]P« 

230 PRINT ®A! "CURVE?" 

240 INPUT 8AiU« 

2S0 END 

260 POUL D,SjA 
270 RETURN 



COMMENTS: 



150 SET 7D1*0 UP1E< DEVICE ADUHEiiS 
160 ENABLE BRO HANDLER AT LINE 260 
17t1 DIMENSION ASCII STR1NI35 P*. AND W* 
leiii CLEAR SIATUIa FI. AO 

19kl IbU IHk 7D2H TO SEND ASCII ENCODED DATA 
SELECT THE 'D2«' WAVEFORM MEMl«t TO DF. READ 
2U< RLUUEST THL WAVEFORM F'REamDLE DATA 
22l;i INPUT AND STIiRE THE PREAMDLE DATA IN STRING f » 
RUIULSI THE WAVEFORM CURVE INFORMATION 
2-lD IMF'U( AND STOf<t: THE CURVE DAIA IN SIRING Wt. 

25D STOP 

261.1 iiCRIAL POLL THE 7D2As S=STATUS DVTt 
270 RETURN rROM SRD HANDLING ROUTINE 
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4. Transfer Waveform Data to Controller — binary format. Although it is 
much more simple to transfer data in ASCII format, the binary format is much 
faster. The 4050-series controllers can ignore or strip off ASCII characters when 
reading data into variables and arrays. It may sometimes be necessary, however, to 
retain this ASCII-encoded data. In lines 330-340 of the program below, the portion 
of the curve data that consisted of 'CURVE WFM# %' was saved by specifying '%’ as 
an alternate delimiter for the controller. A routine for checksum error detection is 
also included that is not automatically done by the controller. This routine comprises 
lines 380-410. 



REMARKS: 



i;o <?£« 
Ri.H 
/Jl’ P.LH 
I-/0 P.Lf 
PCti 
.'oi' PtK 

i/c Pf.n 

/iW' Pin 
1‘f‘C Pt.n 
:'in' PLM 
r/tf Pin 



fPOM MtMOPy ! 10 VfifUPBLlS P eiPP.Cf.' 

C.-. 7 DiO Sf-iB DfUJCe 

UliUtfOPt' PP.IUHBLC IHJO OPR] nPLBSi U .H .f, .P . Z . V 
tl-UitOif'.iP.n HUHBgP. 

H^POlHIS/kPOiFOPH 
X^HOPtiOmPL IHCREHINJ 
P=P 01 HT Off St I 
Z’OlP.UCPt ilRO 
V-'^OtP.l lCf)L Hl‘L TJPLltP. 

INPUT NPOCfOUH CVP.Ot INTO OPPOV. C 



PROGRAM: 

220 ON SRU THEN 420 
230 A*20 
240 S-0 

260 PRINT 9Ai"DATA ENCDOi E>IN- 
270 PRINT aAj"0ATA MEMORV: j- 
2B0 PRINT 8At“WFMP'’" 

290 INPUT 3AsW,N,X,P.Z,V 
300 01M C(N> , 1 (9) 

310 PRINT 3Ai "CURVE?" 

320 MBYTE SA+64: 

330 RBY1E 1 

340 RBYTE C,C0 

350 MBYTE S95s 

3ii0 Al-SUn (C) I (9>*I<8) 

370 Al-Al-256*INT(Al/256> 

360 A]=25*-A1 

390 IF ABS(C0)-A1 THEN 410 
400 PRINT "CHECKSUM ERROR" 

410 END 

420 POLL O.LjA 
430 RETURN 



COMMENTS: 



220 ENnhLt GKO HANDLER AT LINE 420 
23ki SET 7n:«) (iPIb DEVICE ADDRESS 
raki CLEAR siAruG flhl- 

::Ok' REOl.iESI DINSRV ENCODED DATA FROM THE 7DV0 
270 REQUEST WAVEFORM RbBlSTER 1 AS UAIA SOURCE 
2Bk;> RLQUESI W.iVEFORM PREAMBLE DATA 
2'7V njfUl AMD SIOKE PREAMBLE DATA IN VARIABLES 
200 PIITLNUION ARRAYS FOR CURVE DAI A 
:i'.> REuUESr WAVEFORM CURVE DATA 
;.JU nSSEi'I ATTEHTICIN AT TD2i;l iTDDRESS 
iNF'Ui CURVE •/. and byte count 
34ii> INFUI rUKVE daia and checksum 
;5ii HESEKt UNIAU AT 7D20 ADDRESS 

4iii:r cuMruit: lhelkslim and check for erreir 

4 U:) SI fiR 

<l.k> Vil-Rlr-.L fl!LL IIIEN 7D20i S=STATUS BYTE 
•l.'O KLIUI-:II FROM SRU HANDLING ROUTINE 
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5. Transfer Waveform Data to Controller— ASCII format. In this program, 
it is assumed that ASCII strings PS and WS already contain waveform preamble and 
curve data. 

REMARKS: 



.I’l' 

,',i‘ Ht.H 
P.IH 

,' Vl ' Rt.H 



tHhHi.ffP miWtrOP.H f)HB PRLOHBLL f FU'H ^IP/hiiS 

ro ppvifOPH plgisier i 

lHiWU>iP.n PPERHRLE IS IH SIPIKo Pt 

r.i'pui oma is in string Nt 

n- ■ . 9 ;.) tiPIN PCOJCC RDORESS 



PROGRAM: 

ISi? A=20 

160 ON sno THEN 210 
170 PRINT 3A:”DftTfi MEHj 1 
1B0 PRINT afl:P«,W» 

200 END 

210 POLL D,SsA 
220 RETURN 



COMMENTS: 



iSkl iSEf 7020 OF-IP DEVICE ADDRESS 
160 ENABLE SRO HANDLER At LINE 2I«> 

170 Bf'EClPY DATA MEHORY 1 AS DESTINATION 
1U0 SEND THE F-'ftEAMBLE STRING P* 

1<»0 SEND I HE CURVE STRING U* 

200 a I OP 

210 SERIAL POLL IHE 70201 S-HTATUS BYTE 
220 F<f;TlJRN P-ROM SRO HANDLING ROUTINE 
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6. Transfer Waveform Variables and Arrays to 7D20. To transfer 
waveforms from the controller to the 7D20, the waveform preamble and curve 
information must be reconstructed to include the ASCII characters that were 
previously stripped away by the controller. 



REMARKS: 



RtH I 
«£« 
! n* RLM 

/-i’ RtH 
«£« 
HO RIH 
RLH 
.'•till HtM 
170 BLH 
Rtn 
HO P.IH 
Vi»i> P.i» 
^10 ri£H 



IRMI-reP UWtfOftH t>HD PR£/>MBL£ £HOU 

• PHD PRPpy TO 7D20 HPOTfORM P.£aIST£R #£ 

* 7I7JO GRIS D£01Ct ADDRESS 

# 

» HH<lPRHiRBL£ CONSISTS Of THE fOLLONINGt 
. H^NAOEFORN NUMBER 

» N=POINTS/NAOEFORM 

• Ti^HORlIONTAL INCREMENJ 

» F-rROtNT OFFSET 

• y^OiRTlCAL Ml'lIIPLJER 

* Z-OERTICDL ZERO 

» UAOEfORH Cl’ROE DATA IS STORED IS bP.RAi 

* £i> CONTAINS CNECHSt'M 



oariables 



-c 



PROGRAM: 

23e b=29 

24e ON SRU THEN 

2S0 S>0 

260 REM I BUILD WAVEFORM PREAMBLE 
270 W«»STR<W) 

2B0 N«>STR(N) 

290 X«>&TR<X) 

300 P*-STR(P) 

310 Y^-STRIV) 

320 Z«>STR(Z> 

330 REM < SEND WAVEFORM PREAMBLE 

340 PRINT 9Aj"WFMPRE WFIDjM“| W*} ■ ,ENCD6» BINARY, NR.PT i" s N*} 

3S0 PRINT SAs-WFMPRE PT . FMT « V, * INCRj - ; X»; " , PT . OFF » " J P*t 

360 PRINT »A:"WFMPRE XZEROsB, YMULTs Yt| - , YZEROt ” J 2*i “ , BYT/NRt I " J 

370 PRINT iAl'WFMPRE BN. FMT j LF , Bl T/NR» 0, CRVCMKt CHKSM0 ' 

3B0 REM * SEND CURVE INFORMATION 

390 WBYTE 9A4641 

400 WBYTE 9A'»32sl 

410 WBYTE 9A+32:C,C0 

420 WBYTE 963, 9S> 

430 POLL D,S|A 
440 RETURN 



COMMENTS: 

r~0 SET /D20 6PIf> DEVICE ADDRESS 
240 FNAbL.e SRtI HANDLER AT LINE 430 
250 C:i EAR STATUS l-LfTC 

260-320 CONVERT VARIABLES TO STRING VARIABLES 

:.40-'.'0 CONSTRUCl AND SEND WAVEFORM PREAMBLE STRING 

3-90 ASSbRf ATTENTION AT 7D20 ADDRESS 

40CI SEND CURVE V. AND BYIE COUNT It) 7D20 

410 SEND CURVE AND CHECKSUM DATA TO 7D2U 

420 St I ;'l)20 TO UNlAl.T . UNLISTEN STATE 

43V SERIAL f-TJCL THE /D20i S=STArUS BYTE 

44ii hb UJh.N PROM SRD HANDLING ROUTINE 
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7. Query Routine. In the query routine, the parameters to be checked are sent 
over the GPIB. followed by a question mark to indicate a query. The 7D20 will then 
respond with information to satisfy the query. 



REMARKS: 



.'lH! fiEH 

/Jli 

/Vi) P.IH 



’HIS POUriHt 
7HL TDifi fiHD 
S17JJUGS eiRl 
TO-.-f GPlb 



RETURNS IHE FRONT PRNEL 
STORES THEN IN RN RSCIl 
STORtO IN St 
OiOICE RDDRESS 



SETTINOS 

STRINO. 



FROM 



PROGRAM: 

150 A-20 

l£i0 ON SRO THEN 210 
170 DIM S« (£>00) 

1S0 PRINT SA: "SET?" 
190 INPUT SA:St 
195 PRINT S» 

200 END 

210 POUU 0,SiA 
220 RETURN 



COMMENTS: 

150 SET 7D20 OPie DEVICE ADDRESS 

160 ENABLE SRO HANDLER AT LINE 210 

170 DlMENSimg S1R1NU 

180 REQUEST PRON1 PANEL SE1I1MOS 

190 INPUT AND STORE SETUHSS IN HTRINU S% 

1‘Vil UiyPLAY SEIIINBS CONTROLLER 

2>i'0 STOP 

210 SERIAL POLL THE VDL'it'J S-OTAlUS bVIE 
220 RETURN FROM SRO HANOI. INO ROUTINE 
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8. Implement and store 7D20 settings. In this program, it is assumed that a 
group of settings have been stored in string SS, using the SET? query. When set 
over the GPIB, these settings are automatically implemented, then stored in one of 
the six 7D20 memory locations. 



REMARKS: 



,'lU* P.EM 
P£H 
P.LP 
/Ji' P.£M 
/ 5.1 PLH 



JHJ7 PP05PPM SlOPt:. fi S1PIH6 OF fP.ONJ PPHEL SETJlHiiS 
IH fiP/ one Of IHt rOi'iJ'S c. FP.OH! PRHEL HtPOPf tOCPl IONS- 
5PJB UEOICL PDDP.ES-i SETTINGS PRC STORED IN 

■■■IPING 



PROGRAM: 

155 A=20 

160 ON SRO THEN 250 

170 PRINT "IN WHICH MEMORY LOCATION DO YOU WANT TO" 
180 PRINT "STORE THE SETT INQS U -6) 

190 INPUT L 
200 PRINT SAi S« 

210 PRINT 3A!"ST0RE ”,L 
220 END 

230 POU. D.SjA 
240 RETURN 



COMMENTS: 



155 SL:T 701'ii ePID DEVICE ADDRESS 

16^il ENADLE SRO HANDLER At LINE TT-lil 

17(ii'18V F-ROMPT POP USER INF’UT 

19«1 INI’UI NUML'ER OP 7D20 BtlllNGS REGISTER 

I'UV SEMD PF<ONT P’ANEl. SETTINGS STORED IN STRING S* 

I'Mi'i STORE mb' SET1INGI5 IN THE DESIGNAIED REGISIGR 

.’I'l:' s'lOF' 

•.'•■Ki SERIAL POLL, THE /Dlk'J S=STATU5 R'tTE 
24ii' RETURN PROM SRU HANDLING ROUTINE 
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9. Query Functions. This program permits the user to query a number of 7D20 
functions, such as front-panel settings, cursor status, events, and acquire modes. A 
routine is included in the program that ensures that the query is legal. 



REMARKS: 



!00 Rtn 
lie PEI* 
PEM 
JSO REH 
HO RER 
1 EiO RiH 
74,l> RLR 



II'IS PROGP/fH IS li GEHEROL PURPOSE OL'ERV P.OUIIHE 
II BEILPRIHES IHE STRIUS Of VARIOUS PARAMEIEfiS Of 
THE APG PRISTS THE RESPONSE Of THE IHSTPUMENI 

U‘ Apy ONE Of A NUHBER Of OUERIES OH THE 
UROPHIC DISPLAY NKES A NULL STRING IS INPUT. IHE 
f'ROSROH UILL ILRNISATf . 

<)- .'Oi-*’ GPIB DEVICE ADDRESS 



PROGRAM: 

170 ft-20 

180 ON SRO THEN 330 

190 PRINT "WHICH OF THE FOLLON1N6 QUERIES WOULD YOU LIKE TO MAKE'^" 
200 PRINT 

210 PRINT "CHI, CH2,TR!6,HURIZ,OISP,CSW.AOR.CURS,COORO,DT, SRO. EVENT. 
220 PRINT "ALLEV.eNOlY, ID,SET,HELP." 

230 INPUT 0« 

240 IF LEN(Q«X1 THEN 320 
250 C*«CHR(E3> 

260 0«>0«l>C« 

270 PRINT 9AiO« 

2B0 INPUT 9AiR« 

290 PRINT R« 

300 PRINT "NEXT QUERY" 

310 GO TO 230 
320 END 

330 POLL D,S>A 

340 IF S09B THEN 370 

350 PRINT "ILLEGAL COMNAND" 

360 GO TO 300 
370 RETURN 



COMMENTS: 



)70 f:El /D2(it GriD DEVICE ADDRESS 
18(!l ENAULE SRO HANDLER AT LINE 330 
l9kl-220 LIST AVrtILADLF QUERIkS ON GRAPHIC DISPLAY 
INPUT DESIRED QUERY 
7'lkl IP NO QUERY r<eOLIFS1KD. 150 HI tND 
??.i> LOAD STRING C* WITH A OUESriON MARI, 

•;* 6 ki ADD SIRINO Cf. TO SIRING 0* 

2>lV SENA IHE UU£f<Y 10 THE 7D1’0 
,iL=llT 1I5PUT THE RESPONSE TO THE QUERY 

l‘9k! PRINT IHE RESPONSE CODE ON THE GRAPHTCS DISPLAY 
:.«TA PhCiMHT IHE USER FOR THE NEXT DOFRV 
DU IT AGAIN 
:-2A STOP 

j'TH SPMAL PULL THE 7D20I S=STATUS BYTE 
r.AA C'MPLT POF< ILLEGAL QUERY C0PH-1ANI> 

. 3 : 5.1 PHINI ERROR HESGAGE 

LEI THE USER EIHEH A NEW DUCKY 
;.7n RETURN FF.'OM 55HD HANDLER ROIJIINE 
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1 0. Print Poll Statement. The controller will read the status byte generated by 
the 7D20 on an SRQ and print the appropriate phrase that describes the SRQ. In a 
4050-series poll statement, one must specify the addresses of all the instruments 
that are to be polled Should an instrument that is not polled generate an SRQ, that 
SRQ could prevent execution of the program until it is cleared by a poll statement. 



REMARKS: 



/lUI fUH < 7HJS PROORdH IS d BASIC SRO HANDLER AND DECODER" 
120 RLH • LOR THE 

J 2 O REH • &RIB DEVICE ADDRESS 

ISO RLH * 



PROGRAM: 

140 A>20 

1S0 OK SRQ THEN 170 
1&0 END 

170 POLL D,S;A 

180 PRINT "SRO ORIGINATED FROM ADDRESS*. D 
190 IF S0243 THEN 2t« 

200 PRINT "STATUS REPQRTi FATAL ERROR- 

210 IF S<6S THEN 230 

220 IF S081 THEN 240 

230 PRINT "STATUS REPORT! POWER ON- 

240 IF SOBS T1«N 260 

250 PRINT "STATUS REPORT! EXECUTION ERROR- 
260 IF S>99 THEN 280 
270 IF sons THEN 290 

280 PRINT “8TAIUS REPORT! INTERNAL ERROR- 
290 IF 8>10l THEN 310 
500 IF son? THEN 320 

310 PRINT "STATUS REPORT! EXECUTION WARNING" 
320 IF 8»102 IHEN 340 
330 IF SOUS THEN 3S0 

340 PRINT "STATUS REPORT! INTERNAL WARNING- 
350 IF 8066 THEN 370 

360 PRINT "STATUS REPORT! OPERATION COMPlETE" 
370 IF S»0 THEN 390 
380 IF 8016 THEN 390 

390 PRINT "STATUS REPORT! NO STATUS TO REPORT" 
400 RETURN 



COMMENTS: 



14<i scr :’U2k> SFID DEVICE ADDRESS 
ENAhLb. SAU MANIH ER AT LINE 170 
loKi SIlM- 

i ,\i EiERlML POLL THE 7D2 kH S“ STATUS DyTE 
100 PRINI hDL>I-:ESS OF SRO ORl L>1NA1 OR 
190 CHtO. PCIR FATAL ERROR STATUS FLAG 

.'00 PR INI l-UrSSAOE 

.'10 l’J0 niEl.t FOR POWER ON BIAIUS FLAG 
2.'0 FRII'lT GRJ HESSFriiE 

.■40 CHElI. fur LXECimiJN ERROR SIATOS FLAG 
f-KlNI ORO MESSAGE 

V60-270 LHEL'I FQh INTERNAL ERROR SIAIUS MAG 
.'130 PMNI SRD iTESbAGE 

LV.;i-V00 LHLl.l FUR EXECLIIJON WARNING SIAIUS M.A6 
;iki FHINI SFiU MESSAGE 

:2i> ;:'-0 ctiLCt fur inilrnal warning status flag 
:40 PRINI GHO MESSAGE 

:S0 LMtlT FUR OFERATION COMPLETE STATUS FLAG 

:.i,0 FRII'II GF0.1 MESSAGE 

; /..I -.Ui:! I HL-I > FUR SIAIUS FI.AIj ECHJAl. lU ZERO 
:.V0 I R 1 N I 'oRU HESlmGE 

40k> KLIURH FROM SRO HAMDIER RliU I 1 NE 
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4050-Series Application Programs 

1 . Event Capture. This program sets the 7D20 for the capture of infrequent 
events. Each time a trigger is received by the 7020, the input waveform is digitized, 
transferred over the GPIB to the controller, and stored on the controller magnetic 
tape. After each occurrence, the controller increments to the next tape file, and 
resets the 7020 to a ready state to prepare for the next event. This program requires 
about 100K bytes of magnetic tape memory. 

REMARKS: 



/111’ HEH 
1J\? F.EH 
FEH 
iJl’ P.E» 
! 40 Pin 
}50 PEM 

/'ill 

l.'O Pin 



7«JS PPPLI-ZHTICH PROGP-PH IS- VESIGNEO 70 

7P£ 7D-.-0 70 OPERPTi IN 'FMSysrT" MODE. 

HhlN THE OEOICE P.iCElOt? « TRIGGER. 7HE DlOlTIZCn 
0070 If E-70RE7) OH 7 OPE OHO THE ORIGINOL StH'P 
IS- DUPLICOIEO IN ORDER 70 COPIURC 7Ht R£></ EUEN7. 

7HIS PORUCl'LOR RROGROM S70RES OP 70 o EOEN7S oh 70Rt 
0- ■‘DS'O GPlh- DIOICE ODDRCSS 



PROGRAM: 

IB0 A>20 
190 S-0 

200 ON SAD THEN 600 
210 PAGE 

215 REM FORMAT THE 40S<3 TAPE 

220 PRINT "ENTER THE BEGINNING 4050 TAPE FILE NUMBER" 

230 INPUT F 

240 Fl-F 

250 FIND F 

260 MARK 6,10000 

270 FIND F 

275 REM DIMENSION THE STRINGS 
280 DIM S« < 1000] 

2S0 DIM P«<250) 

300 DIM WS(7000) 

305 REM WAIT FOR USER TO SETUP THE FRONT PANEL 

310 PRINT "WHEN FRONT PANEL SETUP IS COMPLETE, PUSH ROS" 

320 IF S083 THEN 320 

330 PRINT 8Ai'‘TRI6 HOLDNiON" 

355 REM BEGIN EXECUTION FOR UP TO SIX WAVEFORMS 

340 FOR lot TO 6 

350 PRINT 8As"TRI6 HOLDNiON" 

355 REM WAIT FOR OPERATION COMPLETE SRO FROM 7020 
360 IF S066 THEN 360 

365 REM TRANSFER WAVEFORM AND PREAMBLE TO TAPE FILE 
370 FIND F 

380 PRINT 3A:"DATA MEM: I" 

390 PRINT 8A:"DATA ENCDG: ASC’ 

400 PRINT 3Al "WFMPRE?” 

410 INPUT 8A:P* 

420 PRINT 3A; "CURVE?" 

430 INPUT 3A:W* 

440 PRINT 333;P*,W* 

450 F=F»1 

460 PRINT "END OF CYCLE #",1 
470 S=0 
4B0 NEXT I 

4SS REM SEND WAVEFORMS BACK TO THE 7D20 

490 PRINT "WHICH WAVEFORM DO YOU WISH TO VIEWU-6)?" 

500 INPUT W 

510 F=F1+W-1 

520 FIND F 

530 INPUT S33:P*,W» 

540 PRINT SAjP* 

550 PRINT 3A:W* 

560 PRINT "DO YOU WISH TO SEE ANUTHERIV OR N)?” 

570 INPUT Oi 

580 IF ASC(Q*)=B9 OR ASCCD*)“121 THEN 490 
590 END 

600 POLL D,S:A 
610 RETURN 
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COMMENTS; 



130 SET 7D20 GPIB DEVICE ADDRESS 
200 ENABLE SRQ HANDLER AT LINE 
220-270 FORMAT THE MAG TAPE 
2B0-300 DIMENSION THE STRINGS 
310-330 WAIT FOR USER TO SET UP 7D20 
370-430 WAIT WAVEFORM ACQUIRE AND DO WAVEFORM 
TRANSFER TO 4050 TAPE FILE 
4BS-S90 ROUTINE TO 5ND WAVEFORMS BACK TO 7D20 
&00-610 SRQ HANDLING ROUTINE 
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2. Store 7D20 settings on Magtape. This 7D20 application program is 
designed to provide permanent storage for and easy user access to a variety of front 
panel settings. After the tape is formatted and the 7D20 GPIB device address is 
loaded from the 4050 keyboard, all control is turned over to the 7D20 itself. Settings 
are stored and recalled from the magnetic tape by using the numeric keys on the 
7D20 front panel and by pushing probe identify buttons. This particular program 
stores up to 10 different 7D20 setups. 

REMARKS: 



•■»»»«*• rWvl’ iearn Program » i» 

IIP PCH • PPOOPPH W Lf.iiPN apv ST0R£ FPONl PPH£L SeTflNOS 
y.'ir P£H • fpo" 7ne TD2i* I'K /«£ ^05o Mae jam 
ISO flfH « 7d:o aDDPess js -a" 



PROGRAM: 

140 A-20 

150 WDYTE 320s 

li0 PRINT 3As "PID ON" 

170 UN SRQ THEN 1200 

180 PRINT "This prograi* ^t4ins front panol ««tting* from th« 7^20" 
190 PRINT "using th« «ot query. Ihcso settings ere tl'en stored on" 

200 PRINT "the 4050 mag tape. Program control is asserted via the" 

210 PRINT "7020 ’ROS button and the P60S3R probe identify button." 
220 PRINT "To begin, enter the number of the 4050 mag tape file" 

230 PRINT "on which you would like to store the first 7020 settings." 
240 PRINT " — 

250 INPUT F 

2b0 Q-r 

270 DELETE S« 

260 Din SS (2000) 

290 DIM nS(l000) 

300 QC-CHR(34) 

310 hS^QS 
320 A«=CHR (13) 

330 B*="MENUi "fcAS 
340 CS>"1. STORE SETTJMGS"t.AS 
350 US>”2. RECALL SETT 1 NGS-«.AS 
360 V«m"3. nENU‘ t.A« 

370 ES="T0 SELECT, PUSH F , ROS, NUMSER-J-AS 
380 F*r(3S 

390 2S-"CURRENT SETTING IS NUK8ER-" 

400 FS=F*fcZ* 

410 G«-"T0 STORE SETTlNG"bAS 

420 HS = "T0 SEQUENCE THROUGH SETT1NG5"I.AS 

430 !*="PUSH PROBE IDENTIFY BUTTON”».AS 

440 nS>MSS.BS 

450 MS«MSt.CS 

460 r)S=MSt<DS 

470 MS=MSfcVS 

4B0 )1S=MS!.ES 

490 MS=MSI,QS 

500 NS^QS 

510 NS=NSS.GS 

520 NS=NS&IS 

530 NS=NSJ.QS 

540 0S=0S 

550 DS=OSI.HS 

560 0*=0SI<IS 

570 DS=OSSiOS 

5G0 REM » PRINT MENU ROUTINE 
590 PRINT 3As"TEXT",MS 
600 5=0 



PROGRAM (CONT) 
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PROGRAM (CONT) 

i,10 IF S< >B3 THEN <>10 
620 PRINT "EVENT?" 

630 INPUT SA:P« 

640 IF VAL<P«>»4S1 THEN 670 
650 IF VAL(P*)=4S2 THEN 950 
660 GO TO 620 

670 REM • STORE SETTINGS ROUTINE 
6B0 F*=SEG(F*. 1,27) 

690 PRINT "FORMATTING TAPE" 

700 FIND F 

710 MWK 10,2000 

720 PRINT SA:"TEXT",N* 

730 PRINT "READY" 

740 FOR I-=l TO 10 
750 PRINT 3A: "EVENT?" 

760 INPUT aAiP« 

770 IF VAL<P*)<>459 THEN 790 
7Q0 GOSUB 1200 
790 IF VAL<P«)»4S3 THEN 580 
800 IF VAL(P«)<>457 THEN 750 
810 PRINT »A:"SET?“ 

820 INPUT SAsS* 

B30 7S<STR(I> 

840 F»>F*1<Z« 

850 F«~F«606 

860 PRINT 8Ai"TEXT“,F* 

870 Ft-SEG<F«, 1,27) 

880 P»-"" 

890 FIND F 

900 PRINT S33lS« 

910 F-F+l 
920 NEXT I 
930 F-F-10 
940 GO TO S80 

9S0 REM > ROUTINE TO RECALL SETTINGS 
960 PRINT 3Ai"TEXT",0« 

970 FIND B 
980 F-G 

990 FOR I-l TO 10 
1000 PRINT 9As "EVENT?" 

1010 INPUT 9A:P« 

1020 IF VAL(P*)<>459 THEN 1040 

1030 GOSUB 1200 

1040 IF VAL(P*)«433 THEN S60 

10S0 IF VAL(P«><>457 THEN (000 

1060 S<0 

1070 FIND F 

1080 Input 933<s« 

1090 F«F*1 
1100 PRINT 9A:S« 

1 110 F*=SEG(F*, 1,27) 

1120 2*=STR<n 
1130 F*»F*LZ» 

1140 F*-^F*S.O« 

1150 PRINT aAs"TEXT”,F* 

1160 P*="" 

1170 NEXT 1 
1100 F=F-10 
1190 END 
1200 PULL D,S;A 
1210 RETURN 



COMMENTS: 



140 SET 7D1'0 GPil< DEVICE ADDF<ESS 

li.0 SEND A DEVICE CLEAR TO THE 7D20 

160 EM/Sbl E PROBE' IDENTIFY SRQ 

170 ENABI.E IHt SRU HANDLER AT LINE 450 

13»> l’o0 PRINT INSIRUCIIGNS AND INPUT FILE NUMbER 

2/0 S/0 lill-IENSlUI'l AND DEFINE ASCII STRINGS 

SU0-660 HUUIINE III PRINT MENU ON 7D20 AND INP'UI ktSPUNSE 

6/0-910 RUUlINt It) STORE 7D20 SETTINGS ON TAPE 

920-1160 ROUflNk III KECAl 1 7D20 SETTINGS FROM TAPE 
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3. SRQ Decoding Routine. This program is an expanded SRQ decoding routine. 
On SRQ, the 4050 will read the status byte generated by the 7D20. The program 
then goes one step further and interrogates the 7D20 as to the quantity and the 
nature of the events that produced the SRQ. An event query is sent to the 7D20 for 
each event code pending on the system. These event codes, when read by the 4050, 
are translated into phrases that describe the nature of the events. This ability is 
valuable when debugging 7020 programs. 

REMARKS: 

* ihjs pliOGffftM IS foP. iPP.C'P Hessoee oispiav fpon :n€ 

-il/l) P.£» • Cl BflL.JC SP.Cl HPHDLIHG P.OUHHl IS lAPPNDED TO PP.IUT THi 
PLti • H'tm CODES OPJoIHal INO FPOP THE 7DHI. 

PEM * 

rtWi! PEH f IS DEOICt 

Vt»S4l HEH * 



PROGRAM: 

ON SRQ THEN 2080 
2070 END 

2060 POLL D,S|20 

2090 PRINT "SRO ORIGINATED PROd ADDRESS". D 

2100 IF S0243 THEN 2120 

2110 PRINT "STATUS REPORTj FATAL ERROR- 

2120 IF 5>65 THEN 2140 

2130 IF 8081 THEN 2150 

2140 PRINT "STATUS REPORT* POWER ON" 

2150 IF SOBS THEN 2170 

21&0 PRINT "STATUS REPORTj EXECUTION ERROR" 
2170 IF S>99 THEN 2190 
2180 IF sons THEN 2200 

2190 PRINT "STATUS REPORT: INTERNAL ERROR- 
2200 IF 3>101 THEN 2220 
2210 IF SOI 17 THEN 2230 

2220 PRINT "STATUS REPORT: EXECUTION WARNING' 
2230 IF S-102 THEN 2250 
2240 IF sons THEN 2260 

2250 PRINT "STATUS REPORT: INTERNAL WARNING’ 
2260 IF S066 THEN 2280 

2270 PRINT "STATUS REPORT: OPERATION COMPLETE" 
22S0 IF S>°0 THEN 1453 
2290 IF SO 16 THEN 2310 

2300 PRINT "STATUS REPORT: MO STATUS TO REPORT' 



2310 


PRINT 820j"EVQTV?' 


2320 


INPUT 320:N 




2330 


DIM AIN) 




2340 


PRINT 320: "<H.LEV?' 


2350 


INPUT 320:A 




2360 


FDR D=1 TO N 


2370 


P«A IQ) 




2380 


G08UB 2410 




2390 


NEXT □ 




2400 


RETURN 




2410 


P»S-500 




2420 


IF P>0 THEN 


2S20 


2430 


P=S-400 




2440 


IF P>0 THEN 


2540 


2450 


P=S-300 




2460 


IF P>0 THEN 


2560 


2470 


P=S-200 




2480 


IF P>0 THEN 


2580 


2490 


P=S-100 




2500 


8DSUB 2600 





PROGRAM {CONT) 
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PROGRAM (CONT) 



2S10 RETURN 
2520 GOSUB 3850 
2530 RETURN 
2500 GOSUB 3600 
2550 RETURN 
2560 GOSUB 3390 
2570 RETURN 
2590 GOSUB 2990 
2590 RETURN 

2600 REM » COMMAND ERROR SUBROUTINE 

2610 IF P=a THEN 2950 

2620 IF P=9 THEN 2970 

2630 P=P-50 

2600 IF P<11 THEN 2670 

2650 P-P-10 

2660 GO TO 2690 

2670 GOSUB P OF 2710,2730,2750,2770,2790,2010,2930,2850,2870,2890 
2680 RETURN 

2690 GOSUB P OF 2910,2930 
2700 RETURN 

2710 PRINT "SYMBOL OR NUMBER TOO LONG’ 

2720 RETURN 

2730 PRINT "INVALID OR CONTROL CHARACTER INPUT" 

2700 RETURN 

2750 PRINT "INVALID SPECIAL CHARACTER AFIER ESCAPE- 
2760 RETURN 

2770 PRINT "INVALID NUMBER INPUT" 

27Q0 RETURN 

2790 PRINT "INVALID STRING INPUT" 

2800 RETURN 

2B10 PRINT "SYMBOL NOT FOUND" 

2820 RETURN 

2B30 PRINT "SYNTAX ERROR" 

2840 RETURN 

2050 PRINT "INVALID EDI" 

2860 RETURN 

2870 PRINT "INVALID DELIMITER" 

2880 RETURN 

2890 PRINT "EXPRESSION TOO COMPLEX- 
2900 RETURN 

2910 PRINT "EXCESSIVE BINARY CURVE POINTS" 

2920 RETURN 

2930 PRINT "EXCESSIVE ASCII CURVE POINTS" 

2940 RETURN 

2950 PRINT "CHECKSUM ERROR- 
2960 RETURN 

2970 PRINT "BYTECOUNT ERROR" 

2980 RETURN 

2990 REM* EXECUTION ERRORS ROUTINE 
3000 IF p>40 THEN 3030 

3010 GOSUB P OF 3070,3090,3110.3130,3150,3170 
3020 RETURN 
3030 P=p-09 

3000 GOSUB P OF 3190,3210,3230,3250,3270,3290,3310,3330,3350,3370 
3050 RETURN 

3060 REM* PRINT ROUTINE 

3070 PRINT "COMMAND NOT EXECUTABLE IN LOCAL" 

3080 RETURN 

3090 PRINT "SETTINGS LOST DUE 70 RTL" 

3100 RETURN 

3110 PRINT "I/O BUFFERS FULL, tKJTPUT DUTFED" 

3120 RETURN 

3130 PRINT "SETTINGS CONFLICTS" 

3140 RETURN 

3150 PRINT "ARGUMENT OUT OF RANGE" 

3160 RETURN 

3170 PRINT "GROUP EXECUTE TRIGGER IGNORED" 

3180 RETURN 

3190 PRINT "NOT IN HOLD ERROR- 
3200 RETURN 

3210 PRINT "ILLE8AL WAVEFORM •" 



PROGRAM (CONT) 
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PROGRAM (CONT) 



322tl RETURN 

3230 PRINT "ILLEGAL SETTINGS WHQRV" 

3240 RETURN 

3250 PRINT "ILLEGAL CURSOR NUMBER- 
3260 RETURN 

3270 PRINT "SETTINGS RECALL ERROR” 

3290 RETURN 

3290 PRINT "DISPLAY REFERENCE ERROR- 
3300 RETURN 

3310 PRINT "TURNING OFF CSW WAVEFORM DISPLAY ERRCW" 

3320 RETURN 

3330 PRINT "ILLEGAL DATA MEMORY N«1BER- 
3340 RETURN 

3350 PRINT "ROLL MODE , AVE , ENV, NEGATIVE TRIGGER POSITION ERROR" 
3360 RETURN 

3370 PRINT "WAVEFORM PREAMBLE ILLEGAL NR.PT.” 

33B0 RETURN 

3390 REM* INTERNAL F.RRORS ROUTINE 

3400 IF P=1 THEN 3500 

3410 IF P=2 THEN 3520 

3420 IF P-31 THEN 3540 

3430 IF P-32 THEN 3560 

3440 IF P-95 THEN 3580 

3450 P-P-30 

3460 IF P-64 THEN 35B0 

3470 PRINT "SELFTEST FAILURE MODULE", P 
3490 RETURN 

3490 REM* PRINT ROUTINE 
3500 PRINT "INTERRUPT FAU.T" 

3510 RETURN 

3520 PRINT "SYSTEM ERROR- 
3530 RETURN 

3540 PRINT "SELFTEST FAILURE MODULE I" 

3550 RETURN 

3560 PRINT "SELFTEST FAILURE MODULE 2" 

3570 RETURN 

3500 PRINT "SELFTEST FAIL ERROR" 

3590 RETURN 

3600 REMI SYSTEM EVENTS ROUTINE 

5610 IF P=l THEN 3700 

3620 IF P-2 THEN 3720 

3630 IF P-3 THEN 3740 

3640 IF P-S0 ThtEN 3760 

3650 IF P-59 THEN 3S30 

3660 IF P"60 THEN 3S10 

3670 IF P>50 THEN 3700 

3680 IF P-51 THEN 3780 

3690 REM* PRINT ROUTINE 

3700 PRINT "POWER ON" 

3710 RETURN 

3720 PRINT "OPERATION COMPLETE" 

3730 RETURN 

3740 PRINT "USER REQUEST (HOB KEY)" 

3750 RETURN 

3760 PRINT "HOLD AFIER AVEN, ENVN, DR HOLD NEXT- 

3770 RETURN 

3780 P=P-50 

3790 PRINT "RDS",P 

3800 RETURN 

3810 PRINT "SELFTESI OPERATION COWLETE" 

3820 RE 1 URN 

3830 PRINT "SRD PENDING" 

3040 RETURN 

3850 REM* EXECUTION WARNINGS 
3060 P=-p-49 

3870 IF P<11 THEN 3900 
3B90 P=P-10 
3890 GO TO 3920 

3900 GOSUB P OF 3950,3970,3990,4010,4030,4050,4070,4090,4110,4130 

3910 RETURN 

3920 GOSUB P OF 4150,4170,4190,4210 



PROGRAM (CONT) 
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PROGRAM (CONT) 



3<930 RETURN 

3940 REM* PRINT ROUTINE 

39S0 PRINT "VULTS/DIV OUT OF RANGE" 

3960 RETURN 

3970 PRINT "VERTICAL POSITION OUT OF RANGE" 
39B0 RETURN 

3990 PRINT "TRIGGER LEVEL OUT OF RANGE" 

4000 RETURN 

4010 PRINT "TRIGGER POSITION OUT OF RANGE" 
4020 RETURN 

4030 PRINT "HORIZONTAL TIME/DIV OUT OF RANGE" 
4040 RETURN 

4050 PRINT "VXPD COMMAND OUT OF RANGE- 
4060 RETURN 

4070 PRINT "CSW POSITION OUT OF RANGE" 

40B0 RETURN 

4090 PRINT "SET N VALUE OUT OF RANGE- 
4100 RETURN 

4110 PRINf "CURSOR POSITION OUT OF RANGE" 

4120 RETURN 

4130 PRINT "ASCII POINT UUI UP RANGE- 
4140 RETURN 

4130 PRINT "WPMPRE XINCR OUl OF RANGE" 

4160 RETURN 

4170 PRINT "WFMPRE PT.OFF OUT OF RANGE- 
4180 RETURN 

4190 PRINT "WFMPRE YMULT OUT OF RANGE- 
4200 RETURN 

4210 PRINT "WFMPRE VZERO OUT OF RANGE" 

4220 RETURN 



COMMENTS: 

JkiiBKi LMALLL SRC) Hr^NIH.ER A1 LINE 2OU0 

GCGI' 

fsEMAL POLL CHE ZDlVi S-STATUG DVIE 
2 i!i 90- 2;U0 Uh lEHIHNE; I HE NAIURE OH THE SRO 

:'MU'23‘j0 R'LUUESr THE OUANIIIV AMU NAIURE Ml- IHE EVENT CODES 

2'.’60-259li> L>i:i A SLiRI TO M-rERMlNE IHL CAIEGURY OH IHE EVEN! 

'.'600 PRIUI COMMAND ERROR P.VENI CODES 

2990-'3:'Oil> PRINI ExIiLlJIlUN ERROR EVENI LUUES 

.T'/U 359V PRim ll-m-.RNHL ERROR EVEN! LODES 

34,00 PKINI STSIEM EVHNI CnOES 

4 220 PRINI Ltk'L'UTlON WARNING EVENI CODES 
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4041 Operating Programs 

1. ASCII Waveform Transfer to controller. In this program, the selected 
7D20 waveform memory contents are transferred in ASCII format to the 4041 
controller. 



Pfa Prograa to rai^eive navt^form preamble. anJ data iron the 

111} 7Dl-li, and put the data jnto variables. The Maveiora preamble is 

120 1 stored in string *MFPP£f', and the ttavefora data values are 

130 ' stared m numeric array 'HFD/iTfi’. 

140 Integer enue, dev, stb,eddr ,nr, teaup ' £stablish integer variables. 

150 Pem TD20 6DDPESS IS S£7 TO 10 

160 Dev=10 ' establish address for dev. 

170 Open ai : 'gpib0 (pri~**ttstr« (dev) &'‘,e<Mi=<0>) s “ ' open channel Ml for 

ISO ' device address. 



ISO ' .?»•( the End Ot Message character to £01 only iivorks with either 
200 ' terminator select loni . 



210 

220 

230 

240 
2S0 
260 
270 
280 
1*40 
JOO 
310 
320 
330 
3 20 
350 
360 
370 
3S0 
390 
400 
210 
430 
240 
4S0 
S00 
S10 
520 
SJO 
S40 
SS0 



Rea Viaens ion string tor mavetarm preamble storage, and also 
' to reserve butter space for the cu've data. 

Dim Mfinpre4 to 200 

On arq then cal) srqhdir establish linkage for SRO handling. 

Enable arq ' Enable SRO handler, 

ProcBi ' re-entrant point tor selection oi storage location. 

Input proiiipt 'Enter Mavefore location for tranafer ( l-6> * ” s Hf onum 
If Mfanua<l or •>fanue>6 then goto proc0 ' see it data is nithm 

Rea ^et up 71320 to get data froa DRta HEmory selected, nth OZCll 
' encoding ol the data. 

Input •! prompt "da met "l<atr » (wf mnom) t" , encj aac) wf mpre?" j wf mpre* 

Rea Uavetora preamble loaded into afapre*. 

R.aa 5vt the number ot poinif transmitted from the preamble. 

Tempepoa <Hf mprea, ~NR.PT', 1 ) ' find ahere NR.R7 js in the preamble. 

M~mval c <Mf mpr««, temp) ' £.vtract the oae/-^r of points froa afapre*. 
Delete var wfdata eatr sure variable is deleted prior to 
' 1^2 arr>/ t ont r >9 it. 

Dim Mfdata(nr) ' Pi.»,/).«jo» 'HfDRlR’ to hold curve data. 

Input ill dels prompt ~corve7“t wfdata ' Input curve data 

separated ajth coaaas. 

Stop The variable "afmpref holds the preamble, and "afjata" holds 
f the curve data at this tjae. 

End 

Sub arqhdlr / Serial poll handl er sub~prograa. 

Poll stb.addrjdev • Roll device P£('. 

Print "Statua byte from device *";addrj' la ~;atb ' Print Ztalus 
' Syte , 

Reaume ' Return to main program . 

End 
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2. ASCII Waveform Transfer to 7020. In this program, the selected 4041 
waveform data are transferred to the 7D20 in ASCII format. 

Pe-a Program to send wai'f/or* preamble, and curve data to the TDI'i* 

7/1’ tram variables. The naveform preamble is stored in string 'HFHPPCf 

lie and the navelarm data values are stored in numeric variable ' UFDPtP' . 

130 Integer dev, Mf iwiue , stb , addr , nr , teep Establ tsh integer variables. 

Rem roi’il flDDP£S$ IS SET TO la 
150 Dev-10 ' establ ish address for device. 

160 Open •! 1 "gpi bJ (pri-“t.str*<tlev)li“,eoie-<0>) 1 “ ' Open channel H! for 

170 ' device address. Set the End Of Message character to EOl only 

ISO ' tnorks nith either terminator selection*. 

190 On srq then call srqhdJr ' Establ ish linkage for SP.u handler. 

200 Enable srq ' Enable SP.O handler. 

ilO Rem The UFfPREt and MfDftTR must already be defined ifrom previous 
ii'O ' program! . 

230 Proc0! 'Re-entrant point for selection of storage locat ion . 

240 Input prompt "Enter Navelorm location far storage < 1 -6) i ’ i Mf mnun 

250 If Mf«inuB<t or Mfmnum>6 then goto proc0 ' See if data is tvithin 

' alienable range. 

270 Ptm Stf up 7D20 to accept data for DAta MCmory selected, iith ASCII 
2S0 ' encoding of the data. 

290 Print •li"da mes "S<st r • lwfmnu«)li",encs asc'.wf mpret ' Send preamble. 

JlH’ flea Create image string for transfer of 'UFDATA' curve data. 

310 Temp*’pos (wf eipre*, "NR. PT", 1 ) find -here HP..PT is m the preamble. 

320 tV--v«l c <v»fmpre*, tempi ' Extract the nuefrer of points to be sent, 

330 lmag«*-"ta,><,S12 (f g, ’ , ■ -fcstr»(nr-515»»." (fg, ’ , ’ ) , fg" Create the 

JVi’ ' jsagr string to put commas after each number sent. 

3S0 Print using image* 41 : "cur ve",Hf dat a ' Send the curve data. 

340 Stop ' Curve has been restored to the 7020. 

370 End 

400 Sub srqhdlr Serial poll handler sub-pregram. 

410 Poll stb.addrjdev ' poll device Did. 

420 Print "Status byte from device S";addr;" is *|Stb ' Print SfaTiis 

fJl’ Pyfe. 

440 Resume ' Return to main program. 

450 End 
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3. Binary Numeric Array Waveform Transfer to Controller. This routine is 
used to send the currently selected waveform from the 7D20 to the controller. The 
waveform data is transferred in Binary format with the waveform preamble 
transferred in ASCII. 



ftem Prograti to receive a binary encoded navefora free the 
IJO ' 7D-2^ . and rut the data into a string, and numeric array- 
' The naveiora preamble is stored in string 'HfdPREt', and 
/j(l ' f/:«- aaueform numeric data is stored in variable 'MfOfiTO'. 

140 Integer *if mnuo , dev, stb, «ddr ,nr , lM>p ' Establish integer varmhles. 

Yil' fiem 7D2d USDfiESS IS SET TO lO 

160 Dev-10 Establish address for device- 

170 Open •! : "gpi b0 <pr i-"fcalr*(dev)ti",eo«“<0>> « ' Open channel 

ISO ' 01 for device address. Set the End Of Hessage to £01 only 
JdO ' (Morks Hith either terminator selection>. 

i-i’l* Rem VimensSon strings to hold waveform preamble . and to hold the 
210 ' curve data. 

220 Dim H-fmpre* to 200, curve* to 1040 / Preamble holds no more than 

2S0 ' character . and longest carve data is llfif r header, checksum. 

240 ‘ and byta-coant. 

250 On srq then call srqhdlr EstabI ish linkage for SfiO handler, 

260 Enable srq ' Enable SRu handler, 

270 Proc0i / Re-entrant point for selection of storage 1 ocat ion . 

200 Input prompt “Enter Maveform location lor transler ( l-6> • " i wf mnum 

290 tl ulmnum<l or «.fmnum>6 then goto proc0 ' See if data is within 

300 ' allowable range. 

310 Rem Set up the 7D20 to send data from the VOta HEmery selected. 

321} ' with binary encoding, tending wavelorm preamble first. 

330 Input *l prompt "da mes *».str*««.lmnum»».',enc »bin J wlep?" lelmpre* 

340 Input *l prompt “cur ve?" « curved / How get the curve data, 

JSl* Rem How find oat how many data points have been sent, 

360 Temp-postHlmpreS, "NR.PT”, I ) locate the HR. PI header in HFRPRE*. 

370 Nr aval c (Himpre*, temp) This e.itracts the number from the HR.PT 

320 ' link argument. 

39# Te«p»pos (curve*, "X", I > ‘ Find where the binary data starts. 

400 Rep* (curve*, 1 , temp-1 ' Oct rjd o' the header prior to decoding, 

410 Delete var xfdata ' Oetete variable before dimensioning it, 

ai’0 Rem Ojaan^ion the variable to hold the nuerric data, 

430 Integer «ldata<nr> ' Integer, and dimension at the same time. 

441} Rem Convert the binary data to numeric array. 

450 Getmem buller curve* u*ing ~9X*<wldata ' Tlecode the binary data. 

460 Stop 

470 End 

S00 Sub srqhdlr Serial poll handler sub-program. 

510 Poll stb.addrjdev ' Poll device DEd. 

S20 Print "Statu* byte Irom device •"»addr|“ is "|stb ' Print Stalus 

iSil ' Byte. 

540 Resume ' Return to main program. 

SS0 End 
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4. Binary Numeric Array Waveform Transfer to 7D20. This routine is used 
to send the currently-selected waveform from the 7D20 to the controller. The 
waveform data is transferred in Binary format with the waveform preamble 
transferred in ASCII. 

fiem Program to send a binary encoded rtaveform to the 7D'2ii 
ltd ‘ Iron the lOtl. the naee/om preamble comes from a string 
' eariatlc’ the curve data comes from a numeric array. 
ls\} ' the variatde 'UfHPPtf' contains the preamble, and the array 
140 ‘ 'HfOfUP' contains the curve data. 

iSO ken 70i'0 flDDAfSS JS SfJ lO 10. 

1&0 Integer Mfmnua, dev, stb, aetdr , nr , teep ' establish integer variables. 

170 Dev=10 Lstabl ish address for 7D20. 

180 Open 01 1 “gpib# (pr i =“tiStr0(dev)l>~,eo**<0» t ' Open channel dl 

JvO ' for device address . Set the Cnd Of Hessage to £01 only in<irl-s 
1:00 • with either terminator selectiont. 

i!0 P-em Oariables »uft already be defined from previous program lor 
220 f be recalled from tape data filet. 

230 On arq then call arqhdir ' establish linkage for Sfia handler, 

240 Enable arq ' Inable SftO handler, 

250 Proc0i ' re-entrant point for selection of Storage 1 ocat ion . 

260 Input proaipt "Enter Mavefore location for tranafer ( 1-6) t " > wf enue 

270 If Hfenue<l or Hfmnue>6 then goto proc0 ^ See if data within 

200 ' allowable range. 

i'vd kem iet up the 7D20 fo receive data mto the tlkta nimory selected , 

300 ' Uith binary encoding. 

310 Print •lt"da ee: “(rstra (Mfanue>fc~,encibin', wf Apr e* ' Send preamble. 

320 Putiaee buffer curve* uaing "faxOH't "curve", efdata ' Create curve*. 

330 Print •licurve* ' Send the curve data. 

340 stop 

350 End 

400 Sub arqhdir ' Serial poll handler sub-program. 

410 Pall atb,addr|dev ' Poll device D£v. 

420 Print "Statue byte froe device *"faddr)" ia "«atb ' Print Stalas 

430 ' Byte. 

440 Reauee ' Peturn to mam program. 

450 End 
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5. Input 7D20 Front-panel Settings from String Array. This routine is used 
to transfer one set of front-panel settings from the controller to the 7D20. 

fit-m Program to send tront-panel settings to the The 

i/ll ' settings eame from the string 'FPSEl*'. 

120 Integer dev, st b, sddr ' EstaL/lish integer variables, 

lid Pern 7D20 fWDRlSS IS SET TO JO. 

140 DevBl0 ' tstatl ish address for device, 

150 Open Ik 1 : gpi b0 (pr 1 < fdev) , eoe*< 0> > s ** ' open channel kt 1 for 

/oil ' device address. Set End Of Message character to EOl only [vo'-lr 
/7tl ' sJith either terminator selecLioni. 

180 On srq then call &rqhdlr / Establish linkage for SPO handling. 

l'?0 Enable srq ' Enable SRO handler. 

i'l'll Pern The variable 'EPSETi' comes from previous program, 

210 Print *lsfpsel* ' Send front-panel settings to 7DjO, 

220 Stop ' front-panel non reset to original settings. 

230 End 

300 Sub srqhdlr ' Serial poll handler sab-program. 

310 Poll sth.addr-.dev ■ KPoU device DEd. 

320 Print "Status byte froe device •“jaddr}“ is "jatb ' print ZtaTus 

J J 0 ' S y t f . 

340 Resuee ' Return (p mam program. 

350 End 
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6. Output 7D20 Front-panel Settings to String Array. This routine is used 
to transfer one set of front-panel settings from the 7D20 to the controller. 



Program to raoe-ivc frant^panel settings fraa 7D20. and 
Jiif ' put the settings m string 'FPSEl*'. 

120 Integer dev, stb , Addr Establish integer variables. 

yji’ Pem 7020 flDDfltSS IS SET TO 10. 

140 Dev-10 Establish address for device. 

150 Open Ml I 'gpib0 (pr i-" t>9tr*<dev)li'',eo<B— <0>1 : * f open channel 01 for 

760 ‘ device address. Set End Of Hessage character to EOl only iKork-s 

170 Kith either teramator selection! . 

ISO Pern Dimension string 'fPSEJt-' to hold front-panel settings. 

190 Dill rpeetM to &00 * Setting information is less than characters. 

200 On srq then cell srqhdir ‘ Establish linkage for SPO handling. 

210 Enable &rq 1 Enable SPO handler. 

220 Input Ml proApt "set?“ 2 fpselM ' Psk for settings . and store them. 

230 Stop Information non in fPSET*’. 

240 End 

300 Sub srphdlr Serial poll handler fib- program . 

310 Poll etb,addr;dev / KPoll device DEO, 

320 Print "Status byte from device M“;addr;" is "sstb Print Status 

SS0 Pyf.a. 

340 ResuAe Sefurn to mam program. 

350 End 
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7. Setting the 7D20 to Remote. This routine disables the 7D20 front-panel 
keys. Thus, during remote operation, accidental changes to the front-panel settings 
are ignored. 



Pei> Poutjne to send the 7020 to P.tHOl E-OHLV . 

120 Rem 7020 DODPtSS IS lO. 

120 Integer dev Lst^hlish integen variable^ 

130 Dev=10 

140 Wbyle 1 1 o, atn (32«dev, uni ) ' Send 'LLO'. MLA-llt to put in remote. 

2 50 ' then unjisten device. The 7020 Hill be in fi£HOT£-OHL'/ at this 

2o0 ■ time. 

270 P.ea End of routine - may be converted to a subroutine, or to a 
200 sub- program as desired. 

1?0 End 
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8. Setting the 7D20 to Local. This routine returns the 7D20 to local control 
following its operation in ‘Remote Only”. 



/ill* Kern Routine to return the TD20 to LOCRL, This routine uses the 
lll> ' addressed coMmand 'GIL' to send the deujce to LOCAL. If R£H is 

120 ' released, ail devices nili return to toc^i, not just the addressed 

130 ' devices as nhen usin^ 'G7L'. 

ISO Rea 7D20 ADDRtSS IS 10. 

1S0 Int»g«r dev / tstahiish integer variable. 

160 Dev-10 

170 Mbyte gt 1 <dev > , etn <unl > / Send the 'GTL' coamand. then unlisten the 

ISO ' device, as the gtl function listen addresses the device' s to be 

ISO ■ sent to local. The 7D20 nil! he in LOCAL at this tiae. 

200 Rea Cnd of routine - aay be converted to a subroutine , or to a 
210 ' sub- frograa as desired. 

220 End 
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9. Text Transfer: 7D20 to Tape. Using this routine, the 7D20 sends all 
displayed readout information and text from the 7D20 to the controller for storage 
on the magnetic tape. 



JJil Program to transfer readout in format too . and any screen te\t on 

JJif ' the screen to the controller, and have that jn/ormation 

' stored on the internal magnetic tape. 

130 Integer d»v,Btb,aadr ' tstabi ish integer variables. 

Ha Pern /’Dim ODDPISS IS S£T TO JO. 

150 Dev-10 

160 Open •! I “gpi b0 <pr k-'tistr* (dev)(i~,eoii>-<0» t ' ' Open channel at for 

170 ' device address. 

1B0 Open *2l "ten t (ope-rep, «iz— 5001* / Open channel 02 for storage of 

' readout end text information, 

200 On %rq then call erqhdlr ' tstabi ish linkage for SPO handler. 

210 Enable srq tnat-le SPO handler. 

I’i'd Pea Dimension string variable to hold alt readout and fe-»f data. 

230 Oia rdcxjtt to 500 

240 Input «1 proaipt “rdo?}tei<t?“trdout» • Psk for. and receive readout A 

2S0 ' fpvf data. 

260 Print •2irdout* ' Store the data on magnetic tape file '7EHT'. 

270 Close al 1 

280 Stop 

290 End 

400 Sub arqhdlr ' Serial poll handler sub- program . 

410 Poll stb.addrjdev Poll device Dto. 

420 Print "Status byte from device e“;addr{“ js "(stb ' Print Stalus 

fSO ‘ Dyte. 

440 Resuee ' Prfurn fo ajm program. 

4S0 End 
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1 0. Text Transfer: Tape to 7D20. Using this routine, the controller inputs the 
text information from the tape and sends it to the 7D20. Only the text information is 
sent to the 7D20; the readout information cannot be sent. 



P.e* Program to f ransi er information from magnetic tape to the screen 
J2C • of the 7Di<}. The data that is on tape, contains hath the readout, 
/i'l" ' and test data. ftll the information is sent to the 7D'l-l3. nhich ml! 

IZC ' onlf respond to the test data. The readout data mil he ignored. 

J40 Integer dev , atb , addr ' EstabJ ish integer variables. 

Pea TDi'li PDDPISS IS SET TO JO. 

Ib0 Qev-10 

170 Open • 1 1 "gpi h0 (pri-" ti«tr*<dev)li",eoei”<0>> s “ Open channel dl for 

ISO ' device address. 

190 Open #2i"te>it" ' open channel 02 for retreival of the 

I’OO ' readout and text information. 

210 On srq then call srqhdlr Establish linkage for SPO handler. 

220 Enable srq ' Enable SP.O handler. 

2S0 Pern Oioensjon string variable to hold ail readout and te<t data 
HO ‘ on the magnetic tape file. 

2S0 Die rdout* to S00 

2*0 Input #2!rdout* ' Pecetve readout and text data from magnetic tape. 

270 Print *1 : rdout*l«chr * ( 13) j ' Send the data to the 70id, 

2S0 If not<eof<2)l then goto 260 

290 Close all 

300 Stop ' The te\t information is non bad on the screen of the 7D20. 

310 End 

400 Sub srqhdlr Serial poll handler sub-program. 

410 Poll Btb,addr}dev ' Poll device 0£b. 

420 Print "Status byte fron* device •"laddr;" is ";stb ' Print StaTus 

VJtl Pyf*-. 

440 Resune ' Petarn to mam program. 

450 End 
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1 1 . Text Generation: Controller to 7D20. This program allows the user to 
input to the controller the desired message to send to the 7D20. After the message 
is input to the controller, the entire message is sent to the 7D20 and displayed on 
the crt. 

jji? 

120 

130 
140 
150 
/<ii’ 

170 
1B0 
J 

200 
210 
220 
230 
220 
250 
76 k’ 

2T0 

280 Proc0! tot»l»0 ' Initial tsf ehara>:ter co<jnter. 

290 For i-1 to 12 

300 Input prompt 

310 If ien<ch«r41>0 thmn vk i t 1 to prec2 

320 Tot «1 •total ♦Ion (chart! 

330 It total <100 tha«! goto proel 

340 Print prrora 

350 Exit 1 to proc0 

360 Prod t r«pt < t«x t tf ) on( tax tt> *1 ,0>>chartbchr « (13) Coneatanata 

370 ttnngs. ana aiiel ■.€(!■' at iint dalimte'-. 

3B0 Next i 

390 Proc2> / £tit point 1 rom fon-naxt loop 

400 Text *“tex ttfc" ' fidt) final (o ?«•»< string for transfer. 

210 Kea Now tenet the Data to the 7V20 screen. 

420 Print • I ■ " tax t ' > tax t« 

430 Stop ' £n<t of prograo. aessage deln-erft. 

440 End 

500 Sub erqndlr ienal poll handler sat— program, 

510 Poll stb.addrtdav ' Poll dee-ice 0£O. 

520 Print "Statue byta <rom davica •"{addr;" ie "}*tb ' Print 

flO ' Byte. 

540 Resume ' Peturn to main program. 

550 End 



Pern Program to allot/ generation of a teet message for the 7V20 
' from the controller program. The general rate of thumb t /k^i) 

’ character limit! tiill be used in this program. 

Integer dav , stby addr ^ tot al , i f Establish integer variables. 

Data “nora than 100 characters, re-enter data from beginning." 
Read arrart 

P.em 7020 POOPESS IS 10. 

Dav=10 ' Establish device address. 

Open *1 ; ''gpib0 (pr i -"bstr e 1 dev Hi" ,aoe "- <0» t " ' Open channel ft! 

/ for device address . 

On srq than call srghdlr ' Establish linkage for SPO handler. 
Enable arq ' Enable SPO handler. 

Pern Di»rn<-jor> string variable to hold characters for fevf display. 

Din text* to 120, char* to 36 Temporary storage of 36 characters 
' per line i rPi’i* maximum limit* in string 'CHOP!' . 

Text*™"""" ’ Pre~define '7EB7f‘ t/ith a 
Pern Input up to 12 lines of code, and less than lOO printable 
' charac tars . 
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4041 Application Programs 

1 . SRQ Handler. This routine decodes the 7D20 status byte and displays the 
actual status message. This is useful in the program development stage of software 
writing, where the programmer is thus not constrained to look up the error code 
meaning. 



JO I? 
IJO 
J'^0 
J 30 
2 -JO 
J50 
loO 
170 
fitO 
t^O 
i'l»U 
•ilO 
i-io 

■iSO 



r» Program to e/etect SBO. poll device list, end decode 7Dj'0 ftatu: 
(•yte. Display actual status message, and the binary equivalent. 
'SIB' IS the device' s reported status byte, and 'PDDP' is the 
address of the device sending this particular sth. 



SRd i-Jfin'S B7I£ tSTB> 



• DIO M' S 0 7 o i 4 S 3 I 
' -STftniS COCIWSt 

' sy$7£H o a e B s s $ s 

• DtOJCe --'tP. BDDDDD 



ft » flVS BH, { » tPKOP BIT. B » Bl'SV PIT 

s ' sysTen .?ja7£/s. d *■ Device sj/tTus 



160 ' 

170 ' This program may he treated, as a nhole, as a sub-program Hith ali 

160 ' variatles local to the sut— program. Alternatively , it may be used 

100 ‘ as a subrout me mthm the mainline program. 

300 Integer stb, «<Jdr, poet ,po»2,errb> t .devbi t, dev ' tstahlish integers. 

310 Die mtb$<2) to 150 ' strings. 

310 Pern 7D10 ADDPiSS IS 10 
330 Dev>10 

340 Serpoli ' Here is nhere the program really starts. 

3S0 Stb«<l>-"|POWER ONgOPERATlON COMPLETE)USER REQUEST | REQUEST CONTROL 

iPASSED C0NTR0L|“ 

3S0 Stb«(2>-"|COHRAND ERROR;EXECTU ION ERROR; INTERNAL ERRORsPOWER FAIL 

{EXECUTION WARNING;" 

370 Poll stb,«ddr>dcv ' serial poll device. 

380 ir letb betid I20)>12e then goto device ' Branch if device bit set. 

390 If l»tb band 32)>32 then errbit-2 elee errbit»l ' Error’ 

400 Goto decodel 

410 Device] ' Hessage is device dependent 

420 Qosub lietatb 

430 Print "Device dependent etatue reported from device H'';eadr;"." 

440 Print "Refer to device's manual for definition. " 

4S0 Resume 

400 Decodel] ' Decode rrrpr or normal message and list it. 

470 Gosub lietstb 

480 Stb=Btb band 31 ' Hemove all but busy and code bits, 

490 It (atb band then print "Device presently busy" else goto 510 

500 Stb=stb-16 ' Set rid of busy bit if set. 

510 Posl=posn<stb«<errbi t) l.slbi ' Find start of message. 

520 Pos2“poso<stb* (errbi .' find end of nessagv. 

530 Decode*“seg* <atb* (errbit) ,posl+l ,pos2-poaU ' C.-t decoded message. 

540 Print "Device's status nwssage is ”;decode* 

550 Resume 

5S0 Liststbs ' List the status byte, and binary equivalent . 

570 Putmem buffer decode* using "Bb":stb 

5B0 Rep*tdecode*,5,0)=" “ ' put in a space for readability. 

590 Print "Status byte “jstbj" reported. Binary is "jdecode* 

600 Return ' fietuin to mam program. 

^10 End 
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2. Store and Recall Front-panel Settings. This routine allows the user to 
generate up to six different front-panel settings and store them on the controller 
magnetic tape. The user is given a menu display that allows selection of the desired 
operations. The program advances by front-panel key closures and the use of the 
probe identify button, located at the probe tip. 

Progr»a to Store and Recall front-panel Settin‘j<. Jhij: routine 
Jli* ' allOKS the user to generate up to ten Jifterent tront-patieJ 

/i'l' ' settings, and store them on the controller aagnet ic tape. 

13l^ • 1 he Iront-panel settings are stored stheit the operator presses the 

/Vl< ' ' prohe identify’ t-utton on the prohe. tach successi\/e press, nil 

/Si’ ' store another front panel setting. Uhen all o are defined, further 
/lii’ ' aperat ion of the ' prot-e identify' . mil cause the front pane! 

170 • settings to t-e recalled, and sent hack to the 70i0. 

180 lnk«g«r d»v, mtb,*<tdr, ••tnu>i>,aclnuiit ' istahl i sh integer variat'les. 

190 RDDReSS IS 10 

200 D«V“10 ' [stahJish device address. 

210 Dim /ps*tm<(10) to 600 ,<mou* to 200 ' Diaension strings, 

220 ' Initialiie fpsetst string array. 

230 Open ■ 1 : "gpi b0 <pr i -“timtr* (dev ) l>’‘ , ao«-<0>> i " ' I'pen channel si for 

‘hlO device address. Set (nd Of Message to £01 only, uorks aith any 

i'Si* ' sel ected teramator. 

2b0 On »ri} then e«l) srqhdir ' Estahlish linkage for iRO handling. 

270 Enable «rq ' tnahle SRO handler. 

200 Whyte edetefev) ' Clear mput/output buffers, and any evistmg SRO' s 

290 ' and error conditions, tselected device cleari 

300 Print •ll"pid on” ' Cnahle Rrohe 10 rqs hit. 

310 Qoeub •enu ' List menu to screen of 

320 Maitti wait ' Wait for nevt interrupt. 

330 Routineli goto setnue o/ Aenu,atoret recal 1 . t at ore, rst or e 

340 6oto waitl ' V./»( for user generated SRO. 

3S0 henui ' Routine to send user menu to 7020 

360 henuS-chrS ( I5>«.chr«< l3)«>chr*(<?>«<'<Denu> "tehr* 1 13) 

370 Henu«enenu«t<chr« ( I 3) t>chr« 1 . »to ft pnj »et t lng"hchr* ( 13) 

300 rienu**i«enu4tiChrS (9)li~2. rcl ft pnl aet t ir>g"l<cnr a ( 1 3> 

390 Hanu«>AenutEehra (9) li"3. sto settinga on t ape’ &chr « ( 1 3) 

400 nenu«>inenu«t>ehra(9>li”4. rc) aettinga Iron t •pe”Vchr4 ( 13) lichr* U 3) 

410 f1enu»“«enu»fcchr*(9)»."e.g. preaa 'f rqa 1' ♦or"bchr* ( 13) 

420 henu*winanu*bchr a <9) t.chr a (9) l."at ore routine. ” 

430 Print 41 > " text ”;chr a<34) t.nenu«trchr a <34) Send ’T£Xr "wenu"' 

440 Qoto Maltl ' return Co aaiC for user SRO. 

450 Store! ' Routine tu acquire from 7020 

460 SatnuM'l 

470 Storeli gosub prompt! ' Send prompt to screen of 7 Dl'0 

480 Wait2i wait Uait for user generated oP'/ for this routine. 

490 If selnum“l then goto routinel ' // menu, goto select point. 

500 If selnun<>S then goto Hait2 ' // prohe iJ. goto .•‘ture settings. 

S10 Input 41 prompt " set?” > 4paet s* (aetnum) ' Input complete front pans! 

S20 ' settings from device, put in array element 'sefnum', 

530 Setnu«=Betoum*l ' Increment array element counter. 

540 I# setnum<ll then goto storel / Loop hack if less than 11 settings. 

550 Selnum-1 ' Select menu 

560 Goto routinel ' 6o to operation select point. 

570 Recall: ' Routine to send settings to 7D20 

580 Setnum-1 ' Select menu. 

590 Recallli gosub prompt! / Print prompt on 7020 screen. 

600 Print 4i 1 f pBets6(setnum> Sent complete front panel setting- to 

oIO ' device from the array element ' setnum' . 

620 Setnu«-aetnum*l ' Increment array element counter. 

630 I# setnu«<II then goto wait3 ' Loop if all ten have not het-n -tnc. 

640 Selnu*“l Select menu. 

650 Goto routinel ' Go to operation selection point. 

660 Mait3: wait Halt for prohe user generated SRO. 

670 If selnum^l then goto routinel 

680 If selnumOS then goto Mait3 

690 Goto recalll 

700 Tstores ' Tape storage routine 

710 Open 42i "Upsets <ope— rep. siz-6000) ” ' Open channel to vriCe- to tape 

720 (lie. The RCP command Hill either new. or replace eii'ting file. 

PROGRAM (CONT) 
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PROGRAM (CONT) 

730 Print #2 using " 10 <#»/)" s Upsets* / Hrite to the tape placing <CP> 

74ii ' after each array element to allow easy retreival of information. 

750 Close 2 Close the channel, update tape directory. 

7A0 Selnoii>=l Select menu. 

770 Goto routinel ' Peturn to operation select point. 

780 Rstores ' Load settings from tape file 

790 Open •2s"^psets" ' Open channel to read/write data to tape file, 

800 Input «2ttpsetB« Input data from tape file teach array element is 

010 ' delimited with a -.CRs. 

820 Close 2 ' CJofe the channel to tape file. 

830 Selnui»=l / Select menu 

840 Goto routinel Return to operation select point. 

850 Pron^tl: Send prompt message to 7D20 - build tekt string first. 

Bt>0 HenuS-"current settings nuieber is "tistr* (setnusl lichrS < 13) 

870 MenuS-menuSiiChrS < 13> 

B90 nenu*=menu*fc‘’press probe identify to sdvsnce'LchrS < 13) 

890 nenu**°«enuSh''press *rqs' to return to senu. ** 

900 Print # 1 : " tex t ” i chr * <34> VsenuSIrtrhrS (34) / Send menu as test. 

910 Return ' Return from subroutine. 

920 End 

1000 Sub srqhdlr local ovnt ' Serial poll handler sub-program 
1010 Integer evnt 

1020 Poll stb«addr;dev ' Roll device Did. 

1030 If stb«B3 then goto event User reguest status byte. 

1040 Print "Status byte fro* device •*jaddr|“ is "»stb ' Print Stalus 

I04S Byte. 

1050 Input #1 prospt ■'#vent7"jevr>t 

1060 Print "Event " | str* (evnt ) j "oecored. * 

1070 Resuee ' Return mechant sm to main program. 

1080 Eventi ' send an event", get the response . and continue according to 
10 V 0 ' the event that oecured. 

1100 Input 01 prompt ~cvent7*'<evnt 

1110 If evnts403 then selnuesl 

1120 If evnl"451 then selnues2 

1130 If evnt"4S2 then selnu<»s3 

1140 If evnt>4S3 then seinums4 

1150 If evnt>4S4 then selnuai'S 

1160 If #vnt"457 or evnt“450 then selnue*>5 

1170 Resume return from the srq handler routine. 

11B0 End 
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3 . Event Capture. Someiimes called a "babysit routine", this program allows the 
user to set up the 7D20 as desired, then have a user-selected number of waveforms 
acquired and stored on the controller magnetic tape. This allows the user to leave 
the system unattended, but still capture the required data. 



JCii? Rem Program to capture and record events that trigger the 
!Jd This program t somet imes called a 'babysit routine' allows the 

120 ' user to set up the 7D20 as desired . then have a user- se ! ec t e d 

110 ' number of waveforms acquired . and stored on the controller's 

140 ' magnetic tape. Jhis allows the user to leave the system un- 

150 attended, bat still capture the required data. 

160 Rem Routine awaits a 'hold next complete’ SRO from the 7D20. 

170 Uhen the proper SRO is received, the waveform is transferred 

100 ' to the controller, then stored on tape. 

190 Integer dev, stb , addr , cycnua, dat«>»e,nuiM<ra, avrit , si z , numcyc 

Rem 7D20 RDDPISS IS 10 
210 Dev“10 1st abl ish device address. 

220 Open * 1 j "gp i b0 (pr i -"fcstr* <dev ) l<" , •oa”<0>) * " •' Open channel •/ for 

210 device address. Set the £nd Of Message terminator to £01 only 

240 ' {worts with any termination selection} . 

230 On arq then call srqhdlr £sfahlish linhage to SRn handler routine 

260 Enable arq ' inable SRO handler. 

270 Rem Dimension strings to appropriate length. 

280 Din fpset* to 600,wfnpre« to 200, text* to 100 

290 Data 1,1,1 

300 Tab*»chr*(9) 

310 C«>chrS<13> 

320 Quol*-chr« (34) 

330 Read cyerium, dat ane.nunwrai 

340 Proc0« ' Give uier prompts on screen of 7020. and get responies 
1S0 ' from the Td20 user keys. 

360 Call pronl 

370 Wait ' Malt for user input, if not what espected. erase screen, and 

300 write It out again. 

390 H evnt<l or evnt>6 then goto proc0 

400 Pr oc 1 1 nuneyc"evnt •' Mrf cycle counter, and tell user to set up 7D20 



410 Call pren>2 

420 Wait 

430 tr avnt>10 then goto proc2 

440 Goto prod 

450 Proc2i ' 6ei settings from 7020, and decode whether one or two 
4.-.0 ' channels m use. 

470 Di sabl • srq 

480 Inpot 41 pronpt "aqr? inod~:aqr4 

490 I* pos (aqr«, "both" , 1 ) >0 then nuaM<fm>2 Humber of wave fonts for 

4^5 ' file s 1 le . 

500 H pos ( aqr*, '’ch2", 1 ) >0 then datane-2 

510 Cycnum=l Initialise cycle counter 

520 Si z=6000«numM^in ' Calcul ate space for waveform data on tapr. 

530 Proc3s / £<arf of babysitting routine, send message fo screen. 

540 Call promS ' Prompt message for 7D20. 

550 Enable srq 

560 Print •l»"trig holdnson" ' Re-arm the 7D20 for next trigger. 

570 Wait ' M.nt for hold-ne>.t interrupt from 7020 

580 input 41 prompt "event?" s evnt 

590 1^ evnt=450 then goto proc4 

600 Print "Invalid event code received - EVENT ";evnt 

610 Goto proc3 

620 Proc4: ' Proper -tatus and error cade received, --.ont inue proce-si 

630 Call prom3 • lell user that program is working on data. 

640 □pen4’°"MTm-"Lstr4 (cycnu«i}li" (ope^rep, siz="(>str • <si z > (i"> ” 

650 Open 42sopen* 

660 Input 41 pronpt "da me; "Icstr* (dstanel tf” , enc : asc ; Hf mp7 " : MTnpr eS 

670 Cal 1 curve 

6B0 IT numeTm=l then goto closeit 

690 Input 41 pronpt “da <ne;2| wTaip?" » wTiiipr et 

700 Call curve 

710 Closeit; close 2 : Close present tape file. 

720 Cycnun=cycnom+-I 
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PROGRAM (CONT) 



730 14 cycnu«>nua«yc Qoto done II number of cycles completetl. 

740 Goto proc3 

750 Donei ' ind ot pro^rem, tell user that the Maveforms have been stored. 
7be Call pro<n4 

770 End 

800 Sub srqhdlr Serial poll handler sub- program. 

810 Poll stb,addr|dev ' Poll device DEV. 

820 14 •tb>83 then goto 850 

830 Print "Status byte 4roe device •*{addr;*' is "istb ' Print StaTus 

dJS Pyfc. 

840 Resuee / fieturn mechana sm to main program . 

850 Event! ' Host be a user key request , decode response into evnt. 

860 Input 01 proept "event?" s evnt 

870 14 evnt<4Sl or evnt>456 then goto special 

880 Evnt*evnt-450 ' Decode event into number I to f> coore s pond mg to 

‘ front panel user rqs keys. 

900 Resuee ‘ kefurn to mainline nhen dene here. 

910 Special! ' Hot a user rqs key, see if normal user key. }f not, do 
•Jill ' an event'' and send the data to controller screen, 

930 14 evnt-403 then evnt-10 else goto 950 

940 Resuee ' kqs key Mas pressed, return to main program. 

950 Print "EVENT “levnt}" reported under status byte 83." 

960 Resuee ‘ Return to mainline. 

970 End 

1000 Sub curve local temp, nr ' vet Curve data, then store mfmpret i Mfdata 
ydJLl f on the magnetic tape, 

1020 Temp>pos (wfmpre*, "nr .pt", 1 ) ' find mhere 'HR.P7' is in the preamble, 

1030 Nrevalc (N4mpre«, temp) / Infract number of points from Mfmpret. 

1040 Delete var ufdata 

1050 Die w4data(nr> ' Dimension 'HFDPia' to hold curve data. 

1060 Input •! dels proept "curve?" > utdata 

1070 Print 02«w4epre« ' Pot the -aveform preamble on tape, 

1080 Print 42t«4data ' Put the curve data points on tape, 

1090 Return 

1100 End 

1200 Sub clrecrn local er* ' Sub- program to clear the screen of the rDUff. 

1210 Dim er«<l2> to I 

1220 Cr«-chr«(13> 

1230 Image*-"’ text ' 12<**»* ' Build the ieag* for 'print using'. 
1240 Print HI using i mage*jchr* 134) ,cr »,chr »<34t Send <CR-‘. 

1250 Return Return from Mhence it came. 

1 260 End 

1300 Sub proal ' sub-program for TDI'd screen prompt 01, 

1310 Call clrscrn ' Clear the TDid screen. 

1320 Text*-quot*tfC*t>tab»t. "Enter guaber o4 cycles"lic* 

1330 Text*-text* 6 tab«(<‘to store. "(<c*(-c*l-tab« 

1340 Text*-text*E"e.g. press '4 rqs 1’ 4or"«ic*«,tabS 

1350 Text*-text*l."ane cycl e. "tiquot* 

1360 Print « 1 i “text text* 

1370 Return 

1380 End 

1400 Sub pros2 ' sub- program for 7 did screen prompt 0i. 

1410 Text*=quot*t<c*ttab*L~Please con4igure the 7d20 aa"lfC* 

1420 Text*=text*t<tab*t<"needed 4or capturing dat a . " l>c*l,c* 

1430 Text*-text* 6 tab*&"press 'rqs' when ready. "Scquot * 

1440 Print # 1 1 " tex t " 5 text* 

1450 Return 

1460 End 

1500 Sub proe3 ' Sub- program for 7Did screen prompt MS. 

1510 Call clrecrn 

1520 Text*-chr*<34>t<c*(ic*titab*b"working on uavef orm" (<c« 

1530 TeKt*-text*titab*l>"* ”l>str* Icycnum) I," . please Hai t . "bquot* 

1540 Print • 1 i " tex t " 5 text* 

1550 Return 

1560 End 
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1600 Sub pro/»4 ' Sub- progratt for /D'20 screen prompt »v, 

1610 Call clrscrn ' Clear the 7D*'& screen, 

1620 Tex t%»quotS&c9S(tabSlitab<Si''Progr an conpl eted ! " 

1630 Tex t (~tex tS^c^^tab^lr^Havef ones stored oo tape."&quot^ 

1640 Print • 1 ; "text " ; t ex t* 

16S0 Return 

1660 End 

1700 Sob pronS ' Sub- j program far 7Dii^ screen p-rompC *5. 

1710 Call clrscrn 

1720 Tex t (=quotS4tab^(i"7D20 noM babysi tting f "t^quot S 

1730 Print « 1 : " tex t ' ; tex t • 

1740 Return 

1750 End 
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APPLICATIONS 



APPLICATION 1 

MONITORING SLOWLY CHANGING EVENTS 
WITH THE 7D20 AND 7D1 1 



Monitoring events or phenomena which change at incredibly slow rates such as 
10'^ Hz, is a difficult task for conventional oscilloscopes. The first problem arises in 
not being able to sweep the trace slowly enough. The second is producing a 
comprehensive waveform which represents the changes. 

By using the 7020 to digitize and store samples of the event, and a Tektronix 7D1 1 
to serve as a calibrated source supplying the very slow timing (sampling) 
information for the 7020, both of these problems may be overcome. The 701 1 is a 
digitally controlled delaying unit with the capability to delay by Events or Time. For 
this application it will be used as a delay by event device or, simply put, a "divide by 
n counter". The 1-kHz calibrator signal provided by the 7704A mainframe can be 
divided down by 1 to 10^ in steps of one. This is selectable at the 701 1 front panel. 
This "divided down" signal is obtained at the OLY’O TRIG OUT connector on the 
7011 and applied to the EXT CLOCK input of the 7020. You can control the 
sampling interval for data acquisition by varying the EVENT DELAY count displayed 
on the crt of the 7704A. 

Since the calibrator has a 1 ms period, the crt readout of EVENT DELAY may be 
directly read as N milliseconds per sample point. This provides a range from 1 ms/ 
sample to 10^ sec/sample. So a 1024 point record at the slowest speed represents 
1 15.7 days of information. Obviously, long term stability of this system may need to 
be considered for such a rare occasion. 

It should be pointed out that the ENV and AVE continuous functions of the 7020 
work in a similar manner to that when ROLLing. The total number of samples 
processed between displayed points is fixed at 100 when externally clocking the 
7D20. It has the effect of further dividing the displayed time per point by 100. 

The use of such a sel-up is especially useful for long term monitoring of 
temperature and pressure, fluid levels, chemical reactions, and seismic activity 
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INSTRUMENTATION SET-UP #1 



7704A 

Verl Mode RIGHT 

Horiz Mode B 

Calibrator 

Volts 4 V 




7D1 1 

Trig Coupling AC 

Trig Source EXT 

Trig Slope * 

Trig Level 0 

Events Start 

Trig Slope + 

Events Start 

Trig Level “ 2 o'clock 

Count Mode EVENTS 

Delay As Desired 

Fine Delay NA 

B Sweep 

Delay Mode NA 

7D20 

Time Div EXT 

External 

Polarity I (positive) 
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APPLICATION 2 

ULTRASONIC, NON-DESTRUCTIVE TESTING 
USING 7D20 



Non-destructive testing of material for uniformity Is typically performed using 
ultrasonic techniques. Frequencies in the ultrasonic range make possible the 
resolution necessary to measure material thickness and locate flaws. An inspector 
using ultrasonic equipment can "see" beneath the surface of materials to locate 
even minute flaws. 

To do this, quartz crystals are often used as transducers to convert an electrical 
pulse from a transmitter to ultrasonic waves and, after the ultrasonic burst has 
traveled through the material, convert it back to an electrical signal at the receiver 
end. The crystals are chosen to resonate far above the audio range, often in the 
megahertz region. The pulse repetition rate is chosen low enough so the pulse and 
any reflections reach the receiver before the next pulse is sent. Water is often used 
as a transfer medium, with the crystals and part under test placed in a tank. 

Two test modes are common — pulse/echo and pitch/catch. Pulse/echo is similar to 
radar. A single crystal is used for both transmitting and receiving. In a pitch/catch 
mode, two crystals are used — one transmits and the other receives, often on the 
other side of the object from the transmitting crystal. The transit time between the 
transmitted pulse and reflections from surface boundaries or internal defects 
reveals the quality of the material or the location of the defects. This time may be 
measured using a counter timer or viewing the output of the transducer on an 
oscilloscope display, in the past, the counter/timer was preferred because of the 
higher accuracy and resolution when compared with the oscilloscope. However, 
with the onset of transient digitizers and digital oscilloscopes, a highly accurate 
alternative is now available. 

The 7D20 can capture a reflected signal and allow you to measure time referenced 
to the trigger and also to analyze the signal amplitude using a single cursor (AOFF) 
Because the time base of the 7D20 is derived from a crystal clock, the horizontal 
timing accuracy is much better than that of conventional, ramp driven time bases 
The improvement is most significant when delayed sweep is compared with the 
7D20's delayed trigger position. For example, to have a variable delay up to 10 ms, a 
dual time base with delay must have the main sweep at 1 ms/div. If the trigger jitter 
is 0.05% of the Time/div, this results in 500 ns of jitter. If the delayed sweep is set 
at 1 /;s/div, the accuracy of the display is about 3%. At this Time/div, the jitter is 
nearly half of a division! 

Whereas with the 7D20 at 10 ps/div, 15 ms of delay is possible The approximate 
timing accuracy for 10 ms delay is ±10 ps. The display jitter is one sample interval 
±300 ps For this example it is approximately 100 ns. If less delay is required, then a 
faster sweep speed may be selected resulting in even better accuracy. The stated 
timing accuracy of the 7020 is 0.1% of Full Scale ±300 ps Depending upon the 
TIME/DIV selected, measurement timing accuracies can approach (hat of a 
counter/timer. 
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7603 

Veri Mode 



Acquire Mode CH 1 

Triggering 

Coupling AC 

Mode NORM 

Source EXT 

Position As Desired 

Time/Div As Desired 



External 

Trigger 

Input 



Transducers 
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Applications— 7D20 



To operate, the incident or outgoing transmitted pulse must be used to trigger the 
7D20. You must select the delay time required to view the reflected signal. This is 
done by positioning the 7D20's trigger horizontally to read the desired number of 
divisions. The readout indicates a negative position when the trigger occurs beyond 
the left hand side of the screen. Only one cursor should be selected (AOFF). This 
will allow you to make accurate time measurements referenced to the trigger 
ltime=0). 

The Pulse/Receiver in the setup illustration is a commercially available unit. It 
supplies the stimulus to the transmitting transducer and preconditions the received 
signal supplying sufficient output so it can be viewed on the oscilloscope display. 
The Sync Out is coincident with the transmitted pulse and therefore serves as the 
trigger for the 7D20. 

As shown in the simulated signal in Figure 5-1, the cursor's horizontal coordinate 
value indicates the total time from the Sync Out, used as the trigger, to the viewed 
position on the crt screen. Note that the resolution is on the order of one part in 10 
when compared to the total delay time available. The accuracy of the measurement 
is 0.1% of this reading. 

Other 7D20 features such as multi-trace display and dual channel acquisition may 
be used to compare results from previous tests or to simultaneously capture two 
reflected signals. These may be acquired as fast as 2 ;us/div for a single event and 
as fast as 50 ns/div for repetitive events. Also through the IEEE-488 interface, 
further manipulation of the data by a controller or calculator may provide spectral 
information using Fourier analysis (FFT). For most ultrasonic, non-destructive 
testing, the 7020 is much more flexible than a counter/timer, 




Figure 5-1. Viewing a reflected pulse signal showing the cursor position relative to the 
trigger pulse. 
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APPLICATION 3 

MONITORING INTERCELLULAR NEURONAL 
DISCHARGE 



The measuring of nerve activity in stimulus-response experiments requires viewing 
long windows of time relative to the pulse width of the neuronal discharge. For a 
given record of time, such activity appears as a shower or burst of spikes resembling 
a partly deteriorated picket-fence. For example, the pulse width of a unit discharge 
may be 700 /ysec and viewed on an oscilloscope screen representing a total window 
of 1 to 5 seconds. On occasion, longer periods of time are used. Traditionally, 
bistable storage (DVST) oscilloscopes have been the preferred device for viewing 
such events. Seldom have digital storage techniques been used because of the need 
for extremely dense information. 

The difficulty lies with the inability of digitizers to properly represent displacements 
which appear on conventional oscilloscopes as a vertical line without any width. In 
order to digitally capture any information, it must be sampled often enough to 
represent salient characteristics. For a simple rectangular pulse, only one sample on 
the top of the pulse is required to accurately represent its amplitude, One sample 
will be guaranteed as long as the digitizer’s sample interval is shorter than the 
width of the pulse, if such a pulse width has 520 //s sampled at 500 ms per point to 
build a 5 second long record, 10,000 horizontal points would be required. Whereas, 
a bistable storage scope has horizontal locations which are only one molecule apart, 
so a very narrow pulse appears as a vertical line. This is like having billions of 
■‘dots". Although, the total number of perceived vertical lines is only a few hundred 
side-by-side. 

In order to optimize the viewing of medium and slow speed events, the 7D20’s 
ROLLing display presents a comprehensive, uninterrupted picture of events viewed 
at 0.1 s/div and slower. In the roll digitizing mode, it is possible to still detect the 
presence of events which are 500 /js or greater in width by ENVeloping 
continuously. Based on a 500 /js sample interval the equivalent number of 
horizontal points required without using ENV are listed in Table 5-1 below. Keep in 
mind that this is only true under certain special conditions. 



TABLE 5-1 

Effective Number of Points When Using ENV While ROLLing 



No. of Points Required 


Total Displayed Time 
in Seconds (10*Time/div) 


2,000 


1 


4,000 


2 


1 0.000 


5 


20,000 


10 


40,000 


20 


100,000 


50 


200,000 


100 


400,000 


200 
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For the application of neuronal activity, intracellular responses are between 500 fjs 
and 1 ms in width which makes this approach valid. Caution must be taken to never 
attach the 7D20 directly to human subjects. Intracellular electrical potentials are 
on the order of 50 mV to 100 mV and may be applied to the 7D20 without 
preamplification. 



APPLICATION 4 
MEASURING PULSE JITTER, 

FREQUENCY SHIFT, AND AMPLITUDE 
VARIATIONS USING THE 7D20 

Detecting subtle variations of amplitude and time in a signal is extremely difficult to 
do with a non-storage oscilloscope. Variable persistence scopes provide a means for 
recording such signal changes, which allow you to easily view and inspect signal 
characteristics. However, when the need arises to compare one record with a 
previous one, a certain amount of inconvenience is encountered. One difficulty is 
that although multiple sweeps are recorded, display modification is not possible. 
Comparisons are typically made between photos or photos and the crt display. If 
long term trends need to be analyzed and cataloged or a great number of devices 
need to be tested, photos become an unacceptable burden. 

The 7D20 solves these problems. The ENVeloping feature accumulates maximum 
and minimum values of successive sweeps and effectively simulates a variable 
persistence display. However, the 7020 also provides all of the advantages of digital 
storage; bright and clear displays, indefinite storage and view time, display 
modification (position up and down, etc.), readout of waveform coordinate values, 
multiple waveform storage, and computer interface (IEEE-488). 




Figure 5-2. Using the ENVeloping mode to show frequency shift. 



5-7 





Applications— 7D20 



The bright and clear displays of up to six waveforms simultaneously, improves the 
visual comparison of acquired signals. The cursors allow for quantitative measures 
of signal variations and the IEEE-488 interface permits long term trend analysis and 
recording using a calculator or computer. 

Of course, the key to this measurement is the ENVeloping. There are generally two 
forms of this, continuous or fixed. Fixed means a predetermined number of 
waveform acquisitions will be used to generate the envelope. You select this 
number via the SET N function fN = 2". n = 3, 4, 5, 6, 7, 8) of the 7D20. When N 
number of waveforms have been processed, the 7020 terminates the ENV N mode 
and enters the HOLD state. When using the continuous or infinite ENVeloping, the 
7D20 will process waveforms indefinitely until the HOLD button is pressed. Both 
ENV and ENV N also cancel by an alternate push of that button or by selecting AVE, 
AVE N, or HOLD NEXT. 




Figure 5-3. Using signal ENVeloping and multi-display feature to view pulse jitter. 




Figure 5-4. Usirtg the 7D20 ENVeloping mode to show waveform variations. 
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Once a satisfactory envelope is created and held in memory, it may be analyzed 
using the cursors or by overlaying it with a previously generated envelope. To do 
this, simply use the CURSOR WAVEFORM modifiers to position the record up or 
down. 

Now, even slight and subtle waveform variation may be easily revealed. 



APPLICATION 5 
SOA ANALYSIS USING 
THE 7D20 AND 7A13 

When testing any transistor switch where the collector current and collector-emitter 
voltage are out of phase, determining the energy dissipated by the device is 
essential. Since this energy may destroy the switching device, its Safe Operating 
Area (SOA) must be determined. This is a common concern when reactive loads 
must be driven such as inductive loads in power supplies and motors, or capacitive 
loads in liquid crystal displays. 

Some simple visual techniques can save a lot of time in finding the SOA without 
resorting to exacting calculations. Certainly, absolute accuracy is desired as provided 
by signal processing, but visual inspections reveal qualitative data in a very short 
time. 

The simplest approach is to use an oscilloscope to display the collector current (ie) 
versus the collector-emitter voltage (Vc«), This allows you to view the actual 
switching characteristics while the device is operating. It is also valuable to be able 
to see how both signals relate to time. In order to probe the circuit under test, a 
differential amplifier is needed to acquire a true Vc«. A current probe which can 
respond to dc as well as ac is recommended. However, if a "current sense resistor" 
is available, this is the most economical choice for representing ic. 

Another point to consider is destructive testing of the switching device. The display 
must be capable of capturing the signal when the failure occurs. 

By using the 7D20 for acquisition and display, the TEKTRONIX 7A13 Differential 
Amplifier for preconditioning, and the AM 503/P6302 current probe and amplifier, 
SOA information can be easily viewed. The current probe accurately measures from 
dc to 50 MHz and provides a single-ended output to the 7D20. The 7A1 3 is a DC to 
100 MHz differential amplifier. When installed in a 4 compartment 7000 Series 
mainframe with the 7D20, the signal conditioned by the 7A13 may be routed 
externally to the 7D20. This is provided via the mainframe’s trigger signal output 
located at the rear of the mainframe. This signal is simply cabled and terminated at 
the 7D20's vertical input. The bandwidth of this patching is about 50 MHz when 
using a 50 ohm termination at the 7D20. If a 4 compartment mainframe is not 
available, the P6046 differential probe and amplifier may be used. This provides 1 00 
MHz bandwidth but lacks the flexibility of the 7A13. 
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Vertical 
Signal Out 




7704A 

Verl Mode RIGHT 

Horiz Mode B 

A Trigger 

Source LEFT 

7AI3 

♦ Input DC 

- Input DC 

BW FULL 

Volts/Div As Desired 

Comparison 

Voltage NA 

7D20 

AQR Mode BOTH 

Triggering 

Mode NORM 

Coupling DC 

Source MODE 

Position + 1 

Slope As Desired 

CH 1 

Volts/Div lOmV/Div 

Coupling DC 

CH 2 

Volts/Div 20mV/Div 

Coupling DC 



5-10 





Applications— 7D20 



CALIBRATION 

Since the signals are being preconditioned, the 7D20 cannot display the true 
sensitivity of the current probe’s amps/div or the 7A13's volts/div. However, the 
AM 503 front panel can be read to determine its amp/div. This will be accurate 
provided its output is terminated into 50 ohms and displayed at 10 mV/div on the 
7D20. A similar situation is true for the 7A1 3 but it will be necessary to adjust the 
gain at the 7A13. This is a simple front panel adjustment To calibrate the 
7A13/7D20 deflection and sensitivity, do the following: 

1. Set the 7D20 CH 2 for 20 mV/div and for 500 /rs/div 

2. Set the 7A13 to 1 V/div. 

3. Apply the 4 volt calibrator signal from the host mainframe to the + input of the 
7A13. 

4. Connect the instruments as shown in the setup illustration. 

5. Adjust the "GAIN" adjustment on the 7A13's front panel to obtain 4 divisions 
of deflection displayed by the 7D20. If more adjustment range is required, use 
the Variable Volts/Oiv on the 7A13- 

At this point, the actual volts/div may be read directly from the 7A13. Remember 
when selecting different sensitivities, DO NOT change the volts/div settings on the 
7020. Make all Amps/div and Volts/div selection at the AM 503 and 7A13. 



OPERATION 

Connect the two P6055 probes to the circuit under test. If acquiring Vce is desired, 
connect the + input to the collector and the - input to the emitter. The 7A13 will 
algebraically subtract the emitter voltage from the collector voltage to yield Ve#. 
Connect the P6302 around a convenient loop or element in series with the collector. 
Adjust the AM 503's and 7A1 3's deflection factors to produce signals of about three 
divisions each in amplitude. Set up the 7D20's display as follows: 

1. Press "VS" followed by a " 2 " to create an X-Y display of ic vs Vce. 

2. Press "REF ” to view the ''CSW" (cursor waveform), it; vs time to serve as a 
time reference, and 

3. Press " 2 " to display Vce (Channel 2) versus time if desired 

Notice that cursors appear on the X-Y display as well as on the REFerence 
waveform. This is especially valuable to determine (he time which a particular 
power level was sustained. Ultimately, this information can be used to determine 
the energy dissipated by the device. 

Figure 5-5 shows an example of the information provided by the 7D20. if the 
REFerence waveform is not displayed, the cursors readout the X and Y coordinates 
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of the versus display. If the REF is displayed then the horizontal cursor coordinate 
reads time. So, by selecting the REF on and off. and positioning the cursors, data 
points may be extracted for computation. This will permit comparing measured 
information with the device manufacturers specifications. Figure 5-6 is an example 
of such specifications. 

For repetitive signals the 7D20 may be used at any time/div setting. Because of the 
destructive nature of secondary breakdown, the ic and Vce information must be 
acquired in a single sweep in the event of a device failure In this case, the 7D20 
will acquire both channels in a single sweep as fast as 2 /zs/div. Since NORM 




Figur« S-5. 7020 display showing safe operating areas and other information. 




5 

-30 ^JS 
•50 fjs 

100 /US 
1 ms 

1 00 ms 



COLLECTOR-EMITTER VOLTAGE - V 



Figure 5-6. Example of manufacturer’s spec's. 
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triggering is used, the 7D20 will simply retain the last triggered information. At that 
point, HOLD should be pressed to eliminate the chance of a stray signal or noise 
from destroying the data. Alternately. HOLD NEXT may also be used for a triggered 
hold. 

This application is intended to aid in the SOA process and by no means represents a 
complete or rigorous method for making such measurements. A more complete 
discussion of this subject is available from Tektronix, Instrument Division, Lab 
Scopes Marketing. 



APPLICATION 6 

USING THE 7D20 WITH THE 7854 
FOR WAVEFORM PROCESSING 



The 7854 is a waveform processing oscilloscope which allows you to manipulate 
waveforms similar to using a scientific programmable calculator. The 7854 digitizer 
has a single event capture speed slightly above the audio spectrum, The 7D20 
extends this ability to capture single events into the video spectrum. 

Also, the settings of the 7D20 may be remotely programmed for use in an 
automated measurement environment. In this application, it is important to point 
out that this combination is not the most efficient system component when speed is 
considered. However, it may be desirable since it greatly reduces the software 
impact on the system engineer. The 7854's waveform functions eliminate the need 
to create and verify many commonly used algorithms. In this sense, the 7854 and 
7D20 provide the shortest path to designing a waveform measurement system. 

Before proceeding, a few technical points must be considered to explain the use of 
these two instruments. 

The 7D20 is a waveform digitizer. Its measurement accuracy is derived from its 
waveform memory. The 7D20 produces a refreshed display (when installed in any 
7000 Series mainframe) which is in no way time related to the events which it 
captures. Also, the height, width, and position of the display can be adjusted from 
the front panel which can seriously affect measurements made with the graticule. 
However, the contents in memory are not disturbed and the cursor readout will 
remain accurate because it is independent of the display adjustments. 

The 7854 acquires waveform information from the piug-ins based on the height, 
width, and position of the display. Accuracy of the 7854 is limited primarily by the 
plug-ins installed in it. Hence, the display output of the 7D20 does not present the 
most accurate representation of its memory contents. Errors are also compounded 
when the 7854 digitizes the 7D20‘s output. Quantization, noise, and linearity all 
contribute to this error. 



There is a simple solution to this dilema, the IEEE-488 interface. The only logical 
way to accurately represent a 7D20 waveform in the 7854 is to transfer the actual 
digital data. 
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INSTRUMENTATION SET-UP #6 



IEEE-488 (REAR PANEL SELECTS) 

MODE LISTEN ONLY (CODE 1 1 ) 

STATE ON LINE 

DISPLAY MODE STORED 



7D20 

IEEE-488 (MENU SELECTED) 

MODE TALK ONLY 




3857-59 





Applications— 7D20 



MANUAL TRANSFER 

When using the 7854 and the 7D20 without an IEEE-488 controller, provisions have 
been made on both instruments to allow you to transfer data manually. 

initially, set up the 7854 for a SCOPE display, install the 7D20 as shown in the set- 
up illustration, and acquire a waveform into the 7D20. If you have more than one 
waveform in the 7D20's memory, you can transfer them one at a time to the 7854. 
Use the CSW key to designate the waveform to be transferred. Press the 7D20's ID 
key to set the transfer mode to TALK ONLY and select the UTILITIES menu. Select 
1024 points per waveform on the 7854, 

To initiate the transfer, press READX on the 7854 and select SEND CSW ASCII from 
the UTILITIES MENU of the 7D20 by pressing key number 1 . The resulting display on 
the 7854 will have a horizontal scale factor which is not an integer value; however, 
the timing information is correct. The difference in scale factors occur because the 
7D20 is calibrated for 100 points/div, where the 7854 is 102.4 points/div (when 
P/W=1024), If desired, an integer scale factor can be produced by a 1.024 HXPD 
command on ihe 7854. If the 7020 acquired its waveform in the Extended Real-time 
range (200 ps/div to 2 //s/div), 820 point waveforms will result. If an 820 point 
waveform is sent to the 7854. all of the points will transfer but the value of points 
821 through 1024 on the 7854 will be filled with zeros and the 7854 will issue a 
warning. 

This waveform may be expanded to fit the 820 original points into an interpolated 
1024 points. On the 7854, turn off the cursors; key in 0. WFM, 1,28 and press 
HXPD, 

COMPUTER CONTROLLED TRANSFER 

Data transfer from the 7D20 to the 7854 may be conducted using an IEEE-488 
controller. In this environment, both the 7854 and the 7020 should be set up for two 
way communication, TALK/LISTEN. From the controller, the 7854 should be 
instructed to listen and initiate a READX, and the 7D20 instructed to talk and send 
the desired waveform. By a command from the IEEE-488 interface, the 7D20 can 
interpolate the data before it is sent. When used, the 7D20 sends 1 024 points to the 
7854. 

This technique relies on the controller to coordinate the transfer but not actually 
handle the waveform data. 
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INSTRUMENT OPTIONS 



No options were available for the 7D20 at the time of this printing. 

Information about any future options can be found in the Change Information 
section at the back of this manual. 
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Setting (see EXERCISES) 
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